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8.2 Summary of the Toxicologica Dose and Endpoints for Atrazine Use in Human Risk
A ST . .. 80
1.0 HAZARD CHARACTERIZATION

Thetoxicity databasefor atrazine is adequate for selectionof endpoints for useinrisk assessment.
The Hazard Identification Assessment Review Committee (HIARC) met on 5/4/00 and evauated the
acceptable studies available in the data base and established anacute and a chronic reference dose (RfD)
as wdl as doses and endpoints for short-, intermediate- and long-term dermal and inhdation exposure
scenarios. The HIARC dso evauated available sudies to determine if there is a specid sengtivity for
infantsand children. Inasubsequent HIARC meeting on 12/18/00 fallowing the FIFRA Sdentific Advisory
Panel [SAP] report on a preliminary hazard and dose-response assessment on atrazine [6/27/00] and the
Risk Assessment Review Committee [RARC] review of the preliminary Human Health Assessment for the
Reregidration Highility Decison [RED] on atrazine, the HIARC revisited the recommendations and
conclusions drawn at the 5/4/00 mesting.

Atrazine haslow acute toxicity. Toxicity categoriesarelll or IV by dl routes of exposures (ord, dermd,
inhdation, ocular), and atrazine is not a skin sengtizer.

Atrazine hasalow toxicity by the dermd route as indicated by the acute dermal toxicity study and by a21-
day dermal toxicity study usng New Zedland white rabbits. This 21 day study found aLOAEL at the limit
dose of 1,000 mg/kg/day and had aNOAEL at 100 mg/kg/day.

Numerous mutagenicity studies, both submitted guiddine studiesand open literature Sudies, are available.
The weight of evidence does not support a mutagenic potential or concern for Atrazine.

The primary effects seen in rats following chronic exposure to arazine are neuroendocrine perturbations
and mammary and pituitary gland tumors.

Theneuroendocrine disruptionsind udedterationsinhypotha amic neurotransmitter and neuropeptideleves
which have been described by EPA researchers at EPA's Nationa Hedlth and Environmentd Effects
Research Labs (NHEERL). Decreasesin serum leves of pituitary luteinizing hormone (LH), presumably
aconseguence of these hypothalamic aterations, have been reported both by NHEERL researchersand
in registrant-submitted studies. In the Sprague-Dawley rat, decreased LH levels would be expected to
result inestrous cycle disruptions and, concurrently, increased and/or prolonged exposure of endocrine-
repongve tissuesto certain hormones suchas estrogens and prolactin. Such aterations following arazine
exposure in the rat have been reported by both NHEERL researchers and registrant-submitted studies.
NHEERL has aso found that Atrazine can suppress pituitary prolactinrel easeby suppressing hypothaamic
dopamine release after short-term dosing.

This cascade of events described in the previous paragraph - the earliest clearly identified event being
neurotransmitter dterations in the hypothaamus and the terminal dteration being increased/prolonged
exposure of endocrine-respons ve tissuesto estrogens and prolactin - have been hypothesized to congtitute
amode of action(MOA) rdaingto the tumor findings seenin chronic bioassays usng the Sprague-Dawley
(SD) rat. Registrant-submitted studies, bothguiddine studiesand non-guiddine studies, have demongtrated
that atrazine exposureisassociated withincreasedincidencesand/or earlier onset of mammary and pituitary



gland tumorsin femde SD rats. Registrant-submitted chronic bioassays, both guideline and non-guiddine
gudies, using the CD-1 mouse and F-344 rat were negative for carcinogenicity in both sexes.

The FIFRA Science Advisory Pand (SAP) met on June 27" to 29™, 2000 to discuss data pertaining to
the atrazine-associated cancer inrats and these neuroendocrine aterations, as well asits reproductive and
developmentd effects. Hypothdamic neurond - GnRH pulse modulation of pituitary releases of LH isa
centra driver of ovulationinthe SD femderat, and atrazine is essentialy accelerating the aging process of
the CN S control of ovulaion. Thisleadsto acongtant state of estrus (anovulation) and prolonged exposure
to estrogen and prolactin.  Although, there are certain smilarities in the control of the hypothaamic-
pituitary- ovarian axis between humans and rats in that the hypothalamus can play akey regulatory role in
primates, there are fundamentd differences. Although atrazine might cause adverse effects on
hypothaamic-pituitary functioninhumans, the hormona environment conducive to tumor development (i.e.,
elevated or prolonged exposure to estrogen or prolactin) that is found in SD rats can not be established
in humans. The SAP concluded that the neuroendocrine dterationsin the SD rat congtitute the mode of
actionfor atrazine-associated carcinogenicity. TheHeath Effects Divison Cancer Peer Review Committee
(CARC, 10/19/00) has concurred with the SAP and has concluded that these neuroendocrine events
condituteamode of action that is operative in the SD femade rat, which is susceptible to these effectsdue
its mode of reproductive senescence (SD females undergo a different mode of reproductive senescence
than do F-344 rats, in which chronic bioassays were negative for cancer). CARC has classfied atrazine
asa"Not Likely To Be Carcinogenic To Humans'.

These same previoudy described neuroendocrine dterations, which congtitute the M OA for cancer, could
be expected to be associated with reproductive or developmenta effects. StudiesfromEPA's NHEERL
labs have demonstrated reproductive/developmentd effects induding prostate inflanmation in mde rats
whose mothers' prolactin was suppressed due to trestment with atrazine while lactating, aswell as dday
of puberty in both mae and femae rats exposed prior to pubertal onset.

Though speciad sudies conducted at EPA labs, described in the previous paragraph, indicate
developmentd/reproductive toxicity, guiddine sudies have, for the mogt part, not indicated
developmental/reproductive toxicity. There was no evidence of increased senstivity/susceptibility in two
rat and one rabbit devel opmenta toxicity studiesusingatrazine or inarat developmental toxicity study usng
deisopropyl arazine or a rat developmentd toxicity study usng deethyl arazine (these compounds are
metabolites of atrazine). Although there was aso no evidence of increased sensitivity/susceptibility in a
two-generation study withatrazine, it should be noted that the available study was performed under the old
protocol, and the new two-generation reproduction test protocol has parameters that are sensitive to
endocrine disruption of reproductive development and function. The one exception was that there was
evidence of increased sengtivity/susceptibility in a devel opmenta toxicity study using diaminochlorotriazine
(DACT), the termina chloro-metaboliteof atrazine. Inthisstudy thematernal LOAEL/NOAEL was 75/25
mg/kg/day based on decreased body weight gain during dosing. The developmental LOAEL/NOAEL in
this study was 25/2.5 mg/kg/day based on increases in incidence of incompletely ossified parietals,
interparietas and unossified hyoids.

Based onthe resultsfromthe DA CT devel opmental toxicity study and the datafromthe NHEERL studies,
the HED Hazard Identification and Review Committee (HIARC) a a meeting held 5/4/2000,
recommended that atwo-generationreproductionstudy with DACT using the Series870.3800 guiddines



be performed. HIARC aso recommenced that additional measuresexamining effects of the type seenin
the NHEERL studies be incorporated.

Atrazine is not reedily absorbed through dermal exposure. Based on both a rat and a human dermal
absorptionstudy, HIARC recommended adermal absorptionfactor of 6% to be used for risk assessment.

The only outdtanding datagap is a Series 870.3800 two-generation reproduction study for the chloro-
metabolite DACT, described above. Though not required or considered a datagap, HIARC aso
recommenced (5/4/00 medting) that studiesinvestigating potentia reproductive/developmentd effectsthat
may be related to the neuroendocrine aterations described above, be performed.

2.0 REQUIREMENTS

The requirements (CFR 158.340) for food useof atrazinearein Table 1.

Table 1.
Test Technical
Required Satisfied
870.1100 Acute Ord ToxiCity .................... yes yes
870.1200 Acute Dermd Toxicity . ................. yes yes
870.1300 Acute Inhdation Toxicity . ............... yes yes
870.2400 Primary Eyelrritation .. ................. yes yes
870.2500 Primary Dermd Irritation .. .............. yes yes
870.2600 Dermd Sengdtization .. .................. yes yes
870.3100 Ora Subchronic (Rodent) . ............... yes yes
870.3150 Ora Subchronic (Non-Rodent) ........... yes yes!
870.320021-Day Derma ....................... yes yes
870.325090-Day Dermdl . ............. ... ..., no -
870.346590-Day Inhdation. . .................... no -
870.3700a  Devedopmenta Toxicity (Rodert) . . . . .. yes yes
870.3700b  Deveopmenta Toxicity (Non-rodent) . . . yes yes
870.3800 2-Generation Reproduction . ............. yes no®
870.4100a  Chronic Toxicity (Rodent) ........... yes yes
870.4100b  Chronic Toxicity (Non-rodent) . . ... ... yes yes
870.4200a  Oncogenicity (Rat) ... .............. yes yes
870.4200b  Oncogenicity (Mouse) .............. yes yes
870.4300 Chronic/Oncogenicity .. ................. yes yes
870.5100 Mutagenicity—Gene Mutation - bacterid . . . .
870.5375 Mutagenicity—Structurd Chromosomal yes yes
Abardaions ............... ... ... ...
870.5550 Mutagenicity—Other Genotoxic Effects ... . . yes yes
yes yes




Test Technical
Required Satisfied

870.6100a  Acute Delayed Neurotox. (Hen) .. ... .. no

870.6100b  90-Day Neurotoxicity Hen) .......... no

870.6200a  Acute Neurotox. Screening Battery (Rat)

870.6200b 90 Day Neuro. Screening Battery (Rat) . no
no
no

no
870.6300Develop. Neuro . ..., no
no
870.7485 Generd Metabolism .. .................. yes yes
870.7600 Dermd Penetration. .. .................. yes yes

aRequirement waived because a chronic study in the non-rodent (i.e. - dog) is available
b Although an acceptable multigenerationstudy isavailable for atrazine, HHARC hasrequested anew study
[OPPTS Series 870.3800 guiddine] using the atrazine metabolite diaminochlorotriazine (DACT).

3.0 DATA GAPS

Status of previous datagaps

Theprevious Toxicology RED chapter for arazine (TXR 006937) completed in 1988, identified
severd datagaps. Table two displays those data gaps and the studiesthat have been submitted to fill these
gaps. All datagaps described in the previous Toxicology RED chapter have been fulfilled.

Table 2: Data Gaps Listed in 1988 RED Document and Studies That Have Been Submitted to Fll these
Data Gaps.

1988 Data Gap Results of Submitted Study MRID No(s).

81-3, Acute Inhaation Study Acceptable-Data Gap Filled 42089901, 43016502
82-2, Subchronic Dermal Study Acceptable-Data Gap Filled 42089902

84-2, Mutagenicity - Studies Acceptable-Data Gaps Filled | 426370003

a Dominant Letha Assay ad

b. Direct DNA Damage 42547105

Current datagaps

There are no datagaps for atrazine. However, the HIARC has required that a OPPTS Series
870.3800 Reproduction and Fertility Effects sudy be performed with the arazine metabolite
diaminochlorotriazine (DACT) - amammadian metabolite of both arazine and smazine. Otherwise there
are no datagaps for arazine, or the atrazine metabolites listed in this document, according to the OPPTS
Series 870 Guideline requirements.



4.0HAZARD ASSESSM ENT

4.1 Acute Toxicity

Adequacy of data base for acute toxicity: The data base for acute toxicity is consdered
complete. No additiona studies are required at thistime.

The acute toxicity data on atrazine technicd is summarized below in Table 3.

Table 3: Acute Toxicity Dataof Technicd Atrazine

GuidelineNo. | Test Results Toxicity
Category

870.1000 Ord LDx, - rat LDs, > 1,869 mg/kg (M& F combined) "

870.1200 Demd LDg, - rat LDs, > 2,000 mg/kg (M& F combined) "

870.1300 Inhdaion LCyy - rat | LCsp > 5.8 mg/L (M&F combined) v

870.1400 Eye Irritation - rabbit | PIS*=0.0/110 vV

870.1500 Dermd Irritation - PIS*=0.2/8.0 vV
rabbit

870.1600 Dermd Sengtization- | Non-sengitizing
guineapig

870.6100 Acute Delayed Not Required
Neurotoxicity

aPIS=Primary Irritation Score
870.1100. Acute oral toxicity - rats

A pair of acute LDs, sudiesin the rat usng technica grade atrazine have shown the LD, to be:
1,869 mg/kg (AccessionNo. 230303; MRID 00024706) and 2,850 mg/kg (MRID 00027097). Numbers
in dl these studies are for both sexes combined. The toxicity category for acute ord exposureis at least
1.

870.1200. Acute dermal toxicity - rat and rabbit

Two dermd LDsg, studies using the rat resulted in LD5,s of >2,000 mg/kg and > 3,100 mg/kg
for both sexes combined (Accession Nos. 00027097 and 230303; MRID 00024708). A study using
rabbits, the preferred speciesinthe OPPTS Series 870 guiddines, resulted in an LDy, of 7,550 mg/kgfor
both sexes combined (Accession No. 231466). Atrazine is at least toxicity category Il for dermal
exposure.



870.1300. Acute inhalation toxicity - rats

The inhdation LCs, was found to be 5.82 mg/L (MRIDs 42089901 and 43016502). This
exceeds the limit dose of 5.0 mg/L and places atrazine in toxicity category V.

870.2400. Primary ocular irritation - rabbits

Atrazine tested negetive for primary eye irritation and has been placed in toxicity category 1V
for this endpoint (Accession No. 230303; MRID 00024709).

870.2500. Primary dermal irritation - rats

Atrazine tested negative for primary skin irritation, and has been placed in toxicity category IV
for this endpoint (Accession No. 230303; MRID 00024710).

870.2600. Dermal sensitization - guinea pigs

Atrazine hasbeenshown to be non-sengtizing in dermal sengtizationstudies(MRID 00105131).
870.6100. Acute and delayed type neur otoxicity of or ganophosphor us substances

Acute neurotoxicity studies have not been performed on atrazine, and none are required.

4.2 Subchronic Toxicity

Adequacy of data base for subchronic toxicity: The data base for subchronic toxicity is
considered complete. No additiond studies are required at thistime.

870.310090-Day Oral Toxicity - Rat

In asubchronic ora toxicity study (MRID 44723701) Atrazine Technica (purity 97.1 %) was
adminigtered in the diet to Tif: RAIf (SPF), RII/1 x RII/2 hybrids, (Sorague-Dawley derived) rats
10/sex/dose at dose levels of 0, 10, 50, or 500 ppm for 92 days. Thesedoseswere equivdent to 0, 0.6,
3.3, and 34.0 mg/kg/day for mdes, and 0, 0.659, 3.35, and 35.3 mg/kg/day for females. Rats were
treated for 13 weeks, thensacrificed (S1). Additional recovery groups of 10 rats/sex/dose were fed O or
500 ppm for 13 weeks, remained untreated for 4 weeks, and were then sacrificed (S2).

One femde in the control group died during the study. No treatment-related clinica effects were noted.
Treatment with atrazine technica resulted in sgnificant (p<0.01) decreasesin body weight in high dose
maesand females compared to controls. Body weight losses were partidly regained during the recovery
period. Hematologica and dlinica chemigtry parameters showed no significant treatment related effects.
Decreased liver and kidneyweightsin high dose maes occurred as aresult of the marked body weght |oss.
There were no trestment-related effects on gross pathology or ophtha mology. Hemosiderin pigment was
found in the spleen a an increased incidence and severity in high dose animds of both sexes, at the end of
treatment and recovery periods.



As tested in this study, the LOAEL for Atrazine is 34.5 mg/kg/day based on decreased body
weight. The NOAEL is 3.3 mg/kg/day.

Thissubchronic toxicitystudyisclassfied as Acceptable /Guiddine and satisfiesthe guiddine requirement
for a subchronic oral study (OPPTS 870.3100) in rats.

870.315090-Day Oral Toxicity - Dog
Study has been waived because an acceptable chronic study is available.
870.3200 21-Day Dermal Toxicity - Rabbit

A 21 day dermal study (MRID 42089902) in New Zealand White rabbits was conducted.
Rabbits, 5 rabbitysex/dose, were adminigered arazine (97.6%) 6 hrs per day for 25 days at
concentrations of 0, 10, 100 or 1000 mg/kg/day.

Sydemic toxicity was observed at the high dose tested (HDT) and consisted of reductions in food
consumption(decreased 28% for mades and 31% for females at day 21 vs controls) and mean body
weight(12% at day 25 vs controls for maes and 19% for femaes). Percent body weight gain was
decreased(-4.4% vs +9.5 at day 21 for males and -11% vs +8% for femaes). Compared to controls,
relative and absolute spleen weights in both sexes were increased (males had an 81% absolute increase
and 75% increase rddive to body weight; femaes had an 86% increase absolutely and 94% rdlative to

body weight).

Additiond findings were reduced red blood cdl and hematocrits counts (each decreased by 12% vs
controls), and increased cholesterol and triglyceride levels (increased by 101 and 55% vs controls) inthe
highest dose tested [HDT] femalesand reduced total protein and chloridelevels (decreased by 7 and 5%
vs controls) in HDT maes. Dermd findings were: limited- to- dight acanthosis for both sexes & dl dose
levels, minima-to-moderate acanthosisin 3 HDT females (compared to zero control females having this
finding); and 3 cases of foca subacute inflammation in the treated skin of HDT femaes (compared to zero
cases of thisin the controls). The NOAEL is 100 mg/kg/day and the LOAEL at 1000 mg/kg/day based
on reductionsin food consumption, mean body weight, body weight gain and increases in pleen weight.

The LOAEL is 1000 mg/kg/day based on r educedfood consumption, mean body weight and body

weight gain, increased relative and absolute spleen weights, and reduced red blood cdll counts
and hematocrits. The NOAEL is 100 mg/kg/day.

Thissudy isdassfied Acceptable-Guideline and satisfies the 870.3200 series guiddinesfor a 21 day
dermd toxicity study in the rabbit.

4.3 Prenatal Developmental Toxicity

Adequacy of data base for Prenatal Developmental Toxicity: The data base for prenatal
developmentd toxicity is considered complete. No additiond studies are required et thistime.



870.3700 Prenatal Developmental Toxicity Study - Rat (1989 study)

In a developmenta toxicity study (MRID 41065201) arazine (97.6%) was administered by
gavage to 104 mated femde Sprague-Dawley rats, 26/dose, at dose levelsof 0,5 (LDT), 25 (MDT), 100
(HDT) mg/kg/day from days 6 through 15 of gestation.

Maternal toxicity findings were amost exclusvely confined to the high dose group. Compared to controls
high dose dams displayed: reduced food consumption (decreased 13%, p < 0.5); reduced total body
weight gain (reduced 18% during dosing period, p < 0.5); reduced corrected (minus uterine weight) weight
gain(reduced 20% for entire gestation, p < 0.5); and increased aopecia 1/26 controls vs 5/26 highdose).
One high dose animd died on gestation day 20 and sdlivation was noted as an observation in 18/26 high
dose animds. The only observations seen outsde the high dose group were: an abortion from one of the
mid-dose anima's on gestation day 19; afluid-filled hollow right kidney in amid-dose animal; and hollow
discolored kidneysin alow dose animd.

The maternal LOAEL is 100 mg/kg/day based on reduced body weight gain and food
consumption. The maternal NOAEL is 25 mg/kg/day.

The few maformations seen uponexterna examination of the fetuseswere seenonly in the control groups
and dealy could not be compound related. Likewise, there was no increased incidence of viscera
maformationindosed groupsvs control groups. Therewere no skel etal malformations observed but there
was an increased incidence of incomplete ossification of various bones in the highest dose tested [HDT].
Hyoids (control fetd incidence of 11%vs21.7% HDT), occipitas (7.7% vs 21.1%) and parietds ( 2.2%
vs 8.4%) showed incomplete ossfication. Therewas aso anincreased incidence (p < 0.05) of incomplete
ossfication of the interparietalsin adl dose groups compared to controls.

Fetd body weight, number of resorptions and implantations, and live fetuses/litter were not Sgnificantly
affected by atrazine trestment. Exposure of gravid Sprague-Dawley ratsto arazine under the conditions
described in this study seemed to have few embryo/fetotoxic effects.

The developmental LOAEL is 100 mg/kg/day based on increased incidence of delayed
ossification of skull bones. The developmental NOAEL is 25 mg/kg/day.

The developmentd toxicity study (MRID 41065201) in the rat is classfied Acceptable-Guideline and
satisfies the guideline requirement for a developmenta toxicity study (OPPTS 870.3700) in the rat.

870.3700 Prenatal Developmental toxicity - Rat (1984 study)

In a developmenta toxicity study (MRID 00143008 and 40566302) atrazine (96.7%) was
adminigered to 104 CharlesRiver CD rats 27/dose by gadtric intubationat doselevds of O, 10, 70, or 700
mg/kg/day from days 6 through 15 of gestation.

Mortality was very highfor the 700 mg/kg/day animdsinthis sudy. All but 6 of the 27 femdesinthis group
died during the gestation period. Other satisticaly sgnificant findingsin this group included: sivetion; oral
and nasal discharge; ptosis, swollen abdomens, blood on the vulva; enlarged ssomachs and adrend; and



discolored lungs. Body weight gains were statisticaly sgnificantly reduced throughout most of the gestation
period. Sgnificant reductions infood consumptionwere observed. Although mortdity wasquitehighinthe
high dose group, pregnancy rateswere comparable to controls (85.2% for controls vs 96.3% high dose)
and the numbers of live fetuses at c-sectionwas comparabl e to controls (meanof 12.7 per litter for controls
vs 13.4 for the high dose).

Therewerefew findingsineither the low or mid dose animas. Alopeciawas observed inmid dose animas,
but was not considered to be biologicaly sgnificant. Body weight gain in the mid dose group was
sgnificantly reduced for the first 5 days of compound exposure (gestationdays 6-10). Food consumption
in the intermediate group was reduced, but only a day 17 of gestation. Low dose body weight gain was
increased on days 6-10 of gestation and food consumption was increased on gestation day 9.

The maternal LOAEL is 70 mg/kg/day, based on reduced body weight gain. The maternal
NOAEL is 10 mg/kg/day.

Fetal weightswere satigticdly sgnificantly reduced inthe high dose group. Skel et examinations were not
conducted in the high dose group due to the extremely low fetd weights. Viscerd and externd
examinations were conducted, though, and no group, including the high dose group, displayed any findings
sgnificantly different from control values. Skeletal anomdies, however, were observed in themid dose
group.

The developmental LOAEL wasfound to be 70 mg/kg/day, based on delayed or no ossification
at several sites. The developmental NOAEL is 10 mg/kg/day.

The developmenta toxicity study in the rat is dassfied Acceptable-Guideline and does satisy the
870.3700 guiddine requirement for a developmenta toxicity study in rats.

870.3700 Prenatal Developmental Toxicity Study - Rabbit

Inadevelopmentd toxicity study (AccessionNo. 254979 and MRIDs 00143006, 40566301)
atrazine (96.3%) was administered by gavage to 76 mated female New Zealand White rabbits, 19/dose,
a doselevelsof O, 1, 5, or 75 mg/kg/day, from days 7 through 19 of gestation.

Clinicd 9gns seenin 75 mg/kg/day (highest dose tested; HDT) animals that were considered to be related
to compound treatment were stool changes (none, little or soft stool; 9/19 controls vs 19/19 HDT), and
the appearance of blood in the cage or on the vulva (0/19 controls vs 4/19 HDT). Body weight ganwas
reduced inhighdose dams and, at many time points, body weight was bel ow day zero vaues. At gestation
days 14, 19, 21 and 25, mean materna body weights were 12%, 19%, 18%, and 10% below control
vaues(p<0.01 for al four of these time paints).

Highdose animdsdisplayed sgnificantly reduced food consumptionduring treatment. During gestationday's
12 to 17 the HDT average feed consumption was only 1-6 grams of feed per anima per day compared
to 175-182 grams for the controls.

The mid and low dose groups had no aterations that could be attributed to atrazine exposure.



The maternal toxicity LOAEL is 75 mg/kg/day based on decreased body weight, food
consumption and increased incidence of clinical signs. The maternal toxicity NOAEL is 5

mg/kg/day.

Fetal effects were: increased resorptions - mean of 1.3/dam in controls vs 4.8/dam in HDT - (p<0.01),
reduced live fetusesper litter - meanof 8.8/damincontrols vs5.9/damin HDT - (p<0.05), and increased
delayed ossfication of gppendicular eements were observed in the high dose group.

The low and intermediate groups had no fetd findings that could be attributed to compound exposure.

The findings in the high dose group were determined to be secondary to maternd toxicity and thus the
LOAEL and NOAEL for embryo/fetotoxicity match the materna LOAEL and NOEL.

The developmental toxicity LOAEL is 75 mg/kg/day based on reduced litter size, increased
resor ptions and delayed ossification. The developmental toxicity NOAEL is5 mg/kg/day

The study is considered Acceptable-Guideline and satisfies the guiddine requirement for a
developmentd toxicity study (OPPTS 870.3700) in rabbit.

4.4 Reproductive Toxicity

Adequacy of data base for Reproductive Toxicity: Although there is an acceptable multi-generation
reproduction study avalable for arazine, an additiond study is being requested usng the diamino-

chlorotriazine (DACT) metabolite (see section 4.10.1 below for further discusson on this).
870.3800 Reproduction and Fertility Effects - Rat

In a 2-generation reproduction study (MRID 40431303) atrazine, (purity not specified but said
to be technical grade) was administered to 240 Charles River (CRCD, VAF/PLUS) rats 30/sex/dose in
the diet at dose levels of 0O, 10, 50, and 500 ppm.

There was very little variation in test article consumption between generations, the F, and F; maes had
gmilar test article consumption during the 70-day premating period as did the i, and F, femdes. The
average vauesfor the two generationsare0, 0.75, 3.78, 39.0 mg/kg/day for maesand 0, 0.86, 3.70, 42.8
mg/kg/day for females. Test article consumptionfor the F, and F, generation femaesduring their gestation
period did not vary greetly between generation. Mean compound consumption for both generations were
0, 0.66, 3.33 and 35.43 mg/kg/day.

Parentd body weights, body weight gain, and food consumption were satigticaly sgnificantly reduced at
the 500 ppm dose (highest dose tested; HDT) in both sexes and both generations throughout the study.
Compared to controls, body weights for F, HDT males and femaes a 70 days into the sudy were
decreased by 12% and 15%, respectively while F; body weight for the same time period was decreased
by 15% and 13% for maes and femaes, respectively. The only other parental effect whichmay have been
treatment related was adight, but satisticaly sgnificant, increase in reative testesweght which occurred
in both generations of the HDT. There did not appear to be any reproductive effects from compound
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exposure. Measured reproductive parameters from both generations did not appear to bedteredinadose-
related manner. NOTE: Although there was aso no evidence of increased senstivity/susceptibility in this
two-generationreproduction study withatrazine, it should be noted that the available study was performed
under the old protocol, and the new two-generation reproduction test protocol has parameters thet are
sengitive to endocrine disruption of reproductive development and function.

The LOAEL is500 ppm (39 mg/kg/day in males, 42.8 mg/kg/day in femal es) based on decr eased
body weights, body weight gains and food consumption. The NOAEL is50 ppm(3.78 mg/kg/day
in males, 3.7 mg/kg/day in females)

The developmental toxicity LOAEL is 39 mg/kg/day in males, 42.8 mg/kg/day in females, based
on decr eased body weightsin both gener ations of malesat postnatal day 21. The developmental
toxicity NOAEL is3.78 mg/kg/day in malesand 3.7 mg/kg/day in females.

Thisdudy is dassfied Acceptable-Guideline and satidfies the guideine requirement for a 2-generation
reproductive study (OPPTS 870.3800) in the rat.

4.5 Chronic Toxicity and Car cinogenicity

Adequacy of databasefor chronic toxicity: The databasefor chronic toxicity isconsdered complete. No
additiond studies are required at thistime.

870.4100 (870.4300) Combined Chronic Toxicity/Car cinogenicity — Rat (Sprague-Dawley)

In acombined 2-year feeding/oncogenicity study (MRID 40629302) atrazine, 95.9% +/-2.3%
was administered to Sprague-Dawley rats, 20/sex/dose, in the diet, at doselevdsof 0, 10, 70, 500, and
1000 ppm, (0, 0.5, 3.5 25, 50 mg/kg/day) for 2 years.

Toxicologic ateration appeared to be confined to the 500 and 1000 ppm dose groups.

25 mg/kg/day: Bothmde and femae rats showed reductions inbody weght gain, and food consumption.
Body weight for malesand femaesat 104 weekswas 8% and 19% below 104 week control values. Food
consumption at 104 weeks was not significantly below control, but at weeks 1, 13 and 26 for maes and
week 1 for femaes, food consumption was gatistically- significantly reduced. Food consumption was
reduced 11% at week 1, 11% at week 13 and 9% at week 26 in males and 8% at week 1 in females.
Males displayed no unusud histopathology findingsin this group, but femaes had Satidticaly-sgnificant
increases of myedoid hyperplasiain the bone marrow of the femur (25 control incidences vs 38) and
gernum (21 vs 33), and splenic extramedullary hematopoiesis (12 vs 22).

50 mg/kg/day: Both sexes showed reductions in body weight gain (19% vs controls at 104 weeks for
males, 27% at 104 weeks for femaes)and food consumption (reduced vs controls 20%, 16%, 14% and
11% at weeks 1, 13, 26 and 52 for maes and 18%, 8%,and 7% at weeks 1, 13, and 26 for females).
Female survival was 50% at 104 weeksincontrols and 26% in 1000 ppm animals. Interestingly, surviva
was increased in 1000 ppm males - 44% control survival vs 67% 1000 ppm at 104 weeks. Altered
hematology and dinica chemidry findings were noted in femaes and included: decreased hemoglobin
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concentration; hematocrit; RBC; and serumglucose. Maesdid not display these dterations but did display
decreased serum triglycerideleves throughout the course of the study. Organ-to-body weight ratioswere
decreased in high dose animas which may have been the result of decreases in body weight gain.
Histopathology findings in females dosed 1000 ppm consisted of tatistically-significant increases in
incidences of (% increase vs controls in parenthesis): retinal degeneration (83%); centrilobular necrosisin
the liver (300%); degeneration of the rectus-femoris muscle (160%); trandtiona epithdia hyperplagain
the bladder (150%) and the kidney (82%); solenic extra medullary hematopoiesis (133%); and myeloid
hyperplasa inboth the femur (108%) and sternum bone marrow (119%). Histopathology findingsinmaes
dosed 1000 ppm consi sted of gatiticaly-ggnificant increasesinincidencesof: degenerationrectus femoris
muscle (366%); prostate epitheid hyperplasa (141%); caculi in the kidney pelvis(106%); and acinar
hyperplasia of the mammary gland (200%).

A carcinogenicity study run concurrently with the toxicity study determined that there was a dose-related
increase in mammary adenocarcinomeas (p vaue for the trend < 0.00005) in 70, 500 and 1000 ppm
females. Adenocarcinomas incidences were: controls -15/66; 70 ppm - 26/68; 500 ppm - 27/65; 1000
ppm - 35/64.

The dose response curve inthis study appeared to be adequate as the low doses (10 and 70 ppm) showed
few toxic effects; the mid-dose level showed some toxic effects (reduced body weight gain and food
consumption); while the high dose showed the same effects as the mid dose plus hematology/clinica
chemigry and histopathology findings.

The LOAEL for non-cancer effectsis 500 ppm (25 mg/kg/day), based on reduced body weight
gain and food consumption. The NOAEL is 70 ppm (3.5 mgkg/day). Mammary tumors
[adenocar cinomas] wer e observed at dose levels of 70 ppm (3.5 mg/kg/day) and above.

This chronic toxicity sudy in therat is Acceptable-Guiddine and satisfies the guiddine requirement for
acombined chronic oral/carcinogenicity study in the rat (870.4300).

NOTE: Pleaser efertoHazard Assessment and Reviewof Available Studies[Part B] of the May
22, 2000 PRELIMINARY DRAFT Hazard and Dose-Response Assessment and
Characterization- ATRAZINE, presentedtothe FIFRA ScientificAdvisory Panel [SAP] on June
27-29, 2000 for asummary and details of this study aswell asthe other long-tern studiesin SD
rats (see http://www.epa.gov/scipoly/sap/2000/june27/fina parta._atz.pdf ).

870.4100 (870.4300) Combined Chronic Toxicity/Carcinogenicity — Rat (F-344)

Inachronictoxicity/carcinogenicitytoxicity study (MRID 42227001), atrazine was administered
to 600 Fischer- 344 rats, 60/sex/dose in the diet at doseleves of 0, 10, 70, 200, 400 ppm (0, 0.49, 3.43,
9.87 and 20.17 mg/kg/day for maesand 0, 0.61, 4.35, 12.71, and 26.18 mg/kg/day for femaes) for 104
weeks.

Adminigtration of arazine did not affect anima surviva nor, withthe exception of thinnessin the high-dose

group, were any clinical signs gpparent. Body weight and body weight gain were sgnificantly reduced in
200 and 400 ppm exposed animals of both sexesthroughout most of the study. Food consumption in the
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high dose group maeswas sgnificantly reduced throughout the study, and significantly reduced inhigh dose
femdesfor the first 13 weeks of exposure. No findings were seen a necropsy which could be attributed
to compound exposure. There were no Sgnificant increasesinether neoplastic or non-neopladtic findings
which could be attributed to compound exposure.

The LOAEL is 3.9 mg/kg/day based on decreased body weight gain. The NOAEL is 0.55
mg/kg/day.

At the doses tested, there was no trestment-related increase in tumor incidence when compared to
controls. Dosing was considered adequate based on decreased body weight gain.

This carcinogenicity study in the Fischer 344 rat is Acceptable-Guiddine and does satisfy the guideine
requirement for a carcinogenicity study (83-24) in therat.

NOTE: Pleaser efertoHazard Assessment and Reviewof Available Studies[Part B] of the M ay
22, 2000 PRELIMINARY DRAFT Hazard and Dose-Response Assessment and
Characterization- ATRAZINE, presentedtothe FIFRA ScientificAdvisory Panel [SAP] on June
27-29, 2000 for asummary and details of thisstudy as well asthe other long-tern studiesin F-344
rats (see http://mwww.epa.gov/scipoly/sap/2000/june27/fina parta_atz.pdf ).

870.4100b Chronic Toxicity - Dog

In a chronic toxicity study (MRID 40431301) atrazine, 97%, was administered to 40 Beagle
dogs, 4/sex in the low and intermediate dose groupsand 6/sex in the control and high dose groups, in the
diet at doselevdsof O, 15 (LDT), 150 (MDT) and 1000 (HDT) ppmfor 52 weeks. The meandaily dose
0, 0.48, 4.97, 33.65 mg/kg for males. Femae doses were the same for the low and mid dose and only
dightly different in the high dose - 33.80 mg/kg/day in the high dose group.

Percent increases in body weight during the course of the study were as follows. mde: 46.6% in control;
52.5% LDT; 36.8% MDT and 29.5% for the HDT; femae: controls; 44.4% for LDT; 35.9% MDT and
21.5% HDT. Only for the mades a the HDT wasthisincrease satigticaly sgnificant (SS) compared to the
control increase.

Although only gatisticdly-ggnificant for the first quarter, HDT males and femaes showed reduced food
consumptionthroughout the course of the sudy. By studies end, mean food consumptionwas decreased
22% in males and 20% in femdes.

High dose animds recorded Statisticaly-significant changesin organ weights for both sexes compared to
controls. Absolute heart weight was decreased in females by 14% and made liver weight relative to body
weight was increased by 47%.

The mgor treatment-related findings in this study were cardiac findings. EKG dterations such as
tachycardia and increased P wave amplitude (P-11), were observed at many timepoints during the study
in HDT animals. Mean heart rate was increased 59% (p<0.05) and P-11 was decreased 78% (p<0.01)
onday 361 inHDT males compared to controls. Femae heart rates at the same time point wereincreased
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46% which was not satisticaly sgnificant, but P-11 was decreased 71% whichwas significant at p<0.01.
Gross pathology findings were adso seen in the heart and were mogdly concentrated in the HDT group.
Minimal atrid dilation seen in 3/6 maes and 2/6 femaes was the only cardiac finding seen at necropsy in
the control animals The HDT group, on the other hand, displayed moderateto severeatrid dilationin4/5
maes and 5/5 femaes who survived until scheduled sacrifice. Two of 5 HDT mades who survived until
scheduled sacrifice dso displayed enlarged, soft hearts and 1/5 had fluid in the pericardium.

Histopathology findings were dso seen in the heart. Three of 6 HDT maes and 6/6 HDT femaeswere
found to have cardiac myolysis while no control animals of either sex had myolysis. Focd arophy of the
heart was seen in 2/6 HDT maes and 5/6 HDT femaes while no controls of either sex displayed this
finding.

Three animals, two high dose and one mid-dose, were sacrificed inmoribund condition during the course
of the study. The two high dose sacrifices may have been due to compound-related cardiac dysfunction.

The LOAEL for both sexesis 1000 ppm (33.65 mg/kg/day for malesand 33.8 for females), based
on cardiac effects. The NOAEL is 150 (4.97 mg/kg/day) for both sexes.

Themgor finding of this study was cardiopathology. A broad array of cardiac dysfunctions seeninthe high
dosegroup suchas: eectrocardiography aterations; the gppearance of both microscopic and macroscopic
cardiac abnormdlities, were determined to be due to atrazine exposure. The wide variety of effects seen,
as well as possible compound-related anima desths, indicate the severity of the cardiac effects.

This chronic toxicity sudy is Acceptable-Guiddine and satidfies the guiddine requirement (870.4100)
for achronic ord toxicity study in dog.

870.4200 Carcinogenicity Study - rat
See above under "870.4100 (870.4300) Chronic Toxicity —rat" for executive summary.
870.4200 Car cinogenicity - mouse

Inancarcinogenicity study (MRID 40431302), atrazine, (purity not given) wasadministered to
CD-1mice, 59-60/sex/dose, inthe diet at doselevesof 0,10,300,1500 and 3000 ppm (mdefemde mean
daily dose 0/0, 1.4/1.6, 38.4/47.9, 194.0/246.9, 385.7/482.7 mg/kg/day) for 91 weeks. Femae micein
the 300, 1500 and 3000 ppm groups recelved a daly arazine dose about 25% higher than thar
counterpart males.

No dose-rel ated increasesin neoplasms were observed. The dose response curve seemed adequate Snce
toxic effects, suchasadecrease in mean body weight of both sexes and an increase in cardiac thrombi in
the femaes, are seenat both 1500 and 3000 ppm, while no dose-related toxic effects are seen at 10 and
300 ppm. Inadditiontothetoxic effectsjust mentioned, the 3000 ppm animds of both sexes also displayed
decreasesinfood consumptionand decreasesin RBC, hematocrit, and hemoglobin concentration. Femde
mice, but not maes, at 3000 ppm showed decreased meangroup brain and kidney weightsand decreased
percentages of neutrophils and lymphocytes. There was dso an increase in mortdity (p < 0.05) in 3000
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ppm femaes, but not maes, with only 25% of the femaessurviving vs 39-43% of the femades survivingin
the other female dose groups.

The cardiac thrombi found at both 1500 and 3000 ppm may have contributed to unscheduled femae
deaths during the course of the study. The incidence of unscheduled death in mice withcardiac thrombi is
gatidticaly sgnificantly different from the incidence of unscheduled deathinmicefromcontrol groups. The
occurrence of cardiac thrombi is considered a severe effect.

The LOAEL is 222.0 mg/kg/day, based on decreased body weight gain in both sexes and
increased cardiac thrombi in the females. The NOAEL is43 mg/kg/day.

At the doses tested, there was not a treatment-related increase in tumor incidence when compared to
controls. Dosing was consdered adequate due to the occurrence of decreased body weight gain and
cardiac thrombi.

This carcinogenicity study in the mouse is Acceptable-Guideline, and does sidfy the guiddine
requirement for a carcinogenicity study in the mouse (870. 4200).

4.6 Mutagenicity

Adequacy of data base for Mutagenicity: The data base for Mutagenicity is considered adequate based
on current and pre -1991 mutagenicity guidelines.

Numerous open literature mutagenicity dudies are avalable for evauaion. The entire
mutagenicity database for atrazine (including these open literature studies) has been reviewed by CARC
(October 13, 1999; April 12, 2000; May 22, 2000 { http://www.epa.gov/scipoly/sap/ #une27} , October
19, 2000) and by the Science Advisory Panel (June, 28 - 30, 2000) and both panels stated that the
available evidence did not indicate a mutagenic effect of atrazine exposure,

870.5100 Bacterial reverse mutation test

Inareverse gene mutation assay in bacteria (MRID 40246601), strains TA 98, 100, 1535 and
1537 of S. typhimurium were exposed to atrazine (98.2% a.i.), in dimethylsufoxide, a concentrations of
0, 20, 78, 313, 1250, and 5000 pg/plate. Test were conducted inthe presence and absence of mammdian
metabolic activation S9 fraction of Tif:RAIf rats treated with Aroclor 1254.
Atrazine was tested up to the limit concentration, 5000 pg/plate. The postive controls did induce the
appropriate responsesinthe corresponding strains. Ther e was no evidence of inducedmutant colonies

over background.

This study is classfied as Acceptable-Guiddine. It does stidfy the requirement for OPPTS Test
Guiddine 870.5100 for in vitro mutagenicity (bacteria reverse gene mutation) data.

870.5385 Mammalian Bone Marrow Chromosome Aberration Test

A mouse bone marrow micronucleus test was conducted using Tif:MAGF mice (MRID
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40722301). Thetest conssted of two parts. The first portion consisted of 24 mae and 24 femae mice
being dosed with 2250 mg/kg atrazine (98.2% a.i.). Eight animals of each sex were then sacrificed at 16,
24 or 48 hoursfalowing treatment. The second portionof the study 24 mice, 8/sex/dose, weretreated with
arazine (98.2% a.i.) at dosesof 562.5, 1175, 2250 mg/kg. Bone marrow cdlswere harvested at 24 hours
post-trestment. The vehicle in both portions of the study was carboxymethyl cellulose. Exposure in both
portions of the study was accomplished by a single gastric intubation.

There were no Sgns of toxicity in ether portion of the study. Atrazine was tested at an adequate doses
being that these were doses that induced death in mice. The positive control induced the appropriate
response. There was not a sSgnificant increasein the frequency of micro nucleated polychromatic
erythrocytesin bone marrow after any treatment time or dose.

This study is cdlassfied as Acceptable-Guideline. It does satisfy the requirement for OPPTS Test
Guideline 870.5375 for in vivo cytogenetic mutagenicity data

870.5450 Dominant L ethal Assay

Inamouse dominant letha assay (MRID 42637003), groupsof 30 maeTif: MAGf (SPF) mice
were tregted oraly by gavage with Atrazine technica (97.1% a.i., batch #SG8029BA 10) at doses of 0,
500, 1000, 2000, or 2400 mg/kg body weight in a volume of 10 mL/kg. The vehicle was corn ail.
Sartingimmediady after dosing, each mae was mated with 2 untreated femaes per interva for days 1-4,
days 4-8, and days 8-12. Each male wasthen mated with 2 untreated femaes per week for weeksthree
through eight.

Atrazine technical wastested at an adequatedose. Thereweresgnsof toxicity after dosing as evidenced
by piloerectionand decreased |locomotor activity. The femdeswere sacrificed on gestationday 13-15 and
the uteri examined for the number of dive ealy, and late dead embryos and resorptions.
Cyclophosphamide served as the positive control.

There was no significant difference between the control group and treated groups with respect
to post-implantation mortality of embryos. Under the conditions of this study atrazine technical
did not induce dominant lethal mutationsin male mice at doses as high as 2400 mg/kg.

This study is classfied as Acceptable- Guiddine. It does satisfy the requirement for OPPTS Test
Guiddine 870.5450 for rodent dominant letha data.

870.5550 UDS Assay

Inanunscheduled DNA synthesis assay (MRID 00161790/40722301) primaryrat hepatocytes
fromadult mde Tif:RAIf ratsthat were exposed to concentrations of atrazine of 0, 1.2, 6, 30, 150 = g/mL
for five hours. No concentration induced UDS, including the high dose of 150 - g/mL, where

precipitation of the test article occurred.

This study is cdassfied as Acceptable-Guiddine. It does stidfy the requirement for OPPTS Test
Guideine 870.5550 for other genotoxic mutagenicity data
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870.5550 UDS Assay

In an unscheduled DNA synthess assay (MRID 42547105), primary rat hepatocyte cultures
were exposed to atrazine, (97.1% a..), in dimethyl sulfoxideat concentrations of 15, 46, 139, 417, 835,
and 1670 pg/mL for 16-18 hours.

Atrazine was tested up to precipitating concentrations, 139 pg/mL. The positive controls did induce the
appropriate response. There was no evidence that unscheduled DNA synthesis, as deter mined by
nuclear slver grain counts, was induced.

This study is dassfied as Acceptable-Guideline. It does sisfy the requirement for OPPTS Test
Guideline 870.5550 for other genotoxic mutagenicity data.

4.7 Neurotoxicity

Acute and subchronic neurotoxicity studies are not available for atrazine. Specia studies submitted by the
registrant (MRIDs 44152102 and 43934406) and published in the open literature (Cooper, et al. 2000.
Atrazine disrupts the hypothalamic control of pituitary- ovarian function. Tox. Sci. 53: 297-307 [MRID
45166902]) provide evidence of atrazine-associated centrd nervous system (CNS) toxicity. The
neurotoxicity seen in these studies was a CNS toxicity (specificaly, neuroendocrine dterations at the

hypothaamus).

4.8 Metabolism

Adequacy of data base for metabolism: The data base for metabolism is consdered to be complete. No
additiona studies are required a thistime.

870.7485M etabolism - Rat

Severa metabolism studies have been submitted to fulfill the 870.7485 guiddine requirements. MRIDs
40431304; 40431305; 40431306; and 42165503 together satisfy the metabolism guiddines. MRID
44713802, by itsdf, satidfiesthe 870.7485 guiddine requirements. These studies are summarized below.

Inametabolismstudy (MRID 40431304) [atrazine, chemicd purity of unlabeled compound not
given, radio-purity of labeled compound > 98%, dl carbons on the triazine ring were labeled] was
administered to 34 Sprague Dawley CD ratsinfour dose groups, 5/sex/dose, except controls which were
2 sex/dose. Threegroupsweredosed acutely at doselevelsof 0, 1, and 100 mg/kg for asingle dose given
through ord gavage. A fourth dose group was dosed subchronicaly at 1.0 mg/kg/day for 15 days by oral

gavage.

Distribution, accumulation

Digtribution was dose-dependent and independent of sex. Inthe 100 mg/kggroup, the highest digtribution
of radiolabel was in red blood cdlls followed by the heart, spleen, lung and liver. In the group given 1
mg/kg for 15 days digtribution was highest inthe red blood cell, followed by the liver, spleen, kidney and
lung. Digtributionappeared to followfirst-order kineticsand the hdf-life in the tissueswas 31.3 hours. This
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indicates that atrazine does not biocaccumulate.

Excretion

Approximately 95% of the atrazine was excreted within 7 days of dosing. The urinary route accounted for
about 75% of the excretion while feces accounted for 20%. The route of excretion did not seem to vary
among sexes or with dose.

This metabolism study in the rat is classfied Acceptable-Nonguideline and, when considered in
conjunction with studies: MRID Nos.: 404313-05; -06; and 421655-03, satidfies the guiddine
requirement for ametabolismstudy (870.7485) inthe rat. Only inconjunction with these four studies does
MRID 404313-04 satisfy the metabolism guideline requirement.

In a metabolism study (MRID 40431305) Atrazine, 98.8% a.i., was labeled with** C on dl
carbons of thetriazine moiety, radiopurity 97.9%, and was administered to 14 femade Sprague-Dawleyrats
2/dose. Theanimaswere dosed daily through astomach tubewith doselevelsof O, 1, 3, 7, 10, 50 or 100
mg/kg/day. One animd from each group was sacrificed 3 hours and the other was sacrificed 72 hours
following the last dose.

Distribution, accumulation

Thelocationof ** C label did not vary withdose but the amount distributed did vary withdose. Distribution
was highest in the red blood cell, followed by the liver, ovary and kidney. When the dose increased the
amount distributed in the tissuesincreased. The distributionappeared to follow first-order kinetics and the
tissue haf-life was 38.6 hours. This indicates that atrazine, with possible exception of the red blood cell,
does not bioaccumulate.

This metabolism study in the rat is classfied Acceptable-Nonguideline and, when considered in
conjunction with studies: MRID Nos.: 404313-04; -06; and 421655-03, sdidies the guiddine
requirement for ametabolism study (870.7485) in the rat. Only inconjunctionwiththese four studiesdoes
MRID 404313-04 satisfy the metabolism guideline requirement.

In ametabolism study (MRID 40431306) arazine (purity of unlabeled compound not reported
but radiolabeled purity >97%), “C-labeled on al carbon of the triazine moiety, was administered to 13
femde Sprague-Dawley rats. The test article was giventhrough the somachtubeinasngle oral dose. Fve
animals were given 100 mg/kgand urine and fecal sampleswere collected 24, 48 and 72 hours later, after
which the animals were sacrificed and 5 mL of blood and the liver were obtained. The remaining 8 animds
were given between 16.18 and 19.64 mg/kg and urine was collected over a24 hr period. Theurinewas
andyzed for metabolites usng anion/cation exchange chromatography or reverse phase HPLC followed
by infrared and mass spectrometry.

Excretion

In the rats given 100 mg/kg, 100% of the administered radioactivity was accounted for within 3 days of
dosing. Urine was found to contain 47.3% of the radioactivity and the feces 49.3%. The tissues contained
5.75% and 1.4% was found in the blood.

Metabolism
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Metabolites detected from the 8 rats given 16.18-10.64 mg/kgindicated that dechlorinationof the triazine
ring and N-deakylation are the mgor metabolic pathways for atrazine in rats. Oxidation of the alky
substituents of atrazine appears to be of minor metabolic importance.

This metabolism study in the rat is dassfied Acceptable-Nonguideline, and, when considered in
conjunction with studies: MRID Nos.: 404313-04; -05; and 421655-03, sidfies the guiddine
requirement for a metabolism study (870.7485) in the rat.

Inametabolismstudy (MRID 42165503) feca and urinary samplesfromrats exposed to 1 or 100 mg/kg
radiolabdled atrazine in a separate metabolism study (MRID 40431304) were obtained and anayzed by
thinlayer chromatography to determine metabolism profiles. No sex differencesin metabalic profileswere
evident. The mgor feca metabolite was DACT which accounted for 40% of the total fecal radioactivity.
The mgor urinary metabolite was dso DACT.

This metabolism study in the rat is dassfied Acceptable-Nonguideline, and, when considered in
conjunction with studies: MRID Nos.: 404313-04; -05; and -06, satisfiesthe guiddine requirement for
ametabolism study (870.7485) in the rat

In a metabolism study (MRID 44713802), groups of mae and femae rats (3-12 per group
depending on the experiment) were each given[U-1*C] Triazine G 30027 (batch no. GAN-XVI11-77-5;
purity>95%) and non-radiolabeled Triazine (batchno. AM S 126/105; purity 99%) to provide atotal Sngle
ora dose of 1 or 100 mgkg. Urinary and fecal excretion were monitored up to 168 hours, tissue burdens
were assessed up to 336 hours post dosing, and major metabolites quantified and, where possible,
identified. Biliary samples were taken from four male rats up to 48 hours post dosing and metabolite
andysis performed.

Therewere no treatment-rel ated deaths. Recovery of administered radioactivity was95.84% and 98.17%,
respectivey, for the administered high (168 hours postdosing) and low dose (48 hours postdosing). Based
upon urinary and hiliary excretion data, and tissue/carcass burden data, absorption was relatively rapid.
The time to maximum blood concentration (t.,) Was 2 hours and 24 hoursfor the low and high dose
groups, repectively. Under the conditions of this study, absorption and elimination did not appear to be
saturated. Themgjor route of excretion was viathe urine, accounting for 64.72% of the total administered
low dose over a 48-hour period and 66.16% of the total administered high dose over a 168-hour period.
Time-course studies reveaed that within 48 hours urinary excretionwas 100% and 94% completefor the
low-dose and high-dose group, respectively. Feca elimination accounted for 10.80% and 19.69% of the
total dose for the low and high dose groups, respectively. Over a 48-hour period, biliary secretions
accounted for 7.35% of the administered dose (68% of total amount excreted via the feces) in the low-
dose group. Totd feca dimination of radioactivity accounted for 10.80% and 19.69% of the total
administered dose, a portion of which was due to biliary secretion resulting from absorbed test materid.

Tissue digtribution appeared to be extensive and reached maximum concentrations (t,,,) a 2 hours and
24 hoursfor thelow-doseand high-dose groups, respectively. Timeto haf maximum tissue concentrations
(%2 tnay) for these groups were 48 hours and 168 hours, respectively.  Although test article associated
radioactivity was widely distributed, concentrations were greatest in red blood cdls and highly perfused
tissuesand organs. With exception of red blood cells, whole blood, and skeletal muscle, tissue burden for
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any specific tissue or organ represented less than 1% of the administered dose by 14 days post dosing.
Whole-body autoradi ography confirmed the extendve di stributionof the test materia and/or itsmetabolites,
and the rapid removd of radioactivity from the gastrointesting tract. The pattern of tissue distribution did
not appear to be sgnificantly affected at the dosestested. Remova of radioactivity from tissues was a
biphasic process characterized by ardatively rapid phase at 48 hoursfollowed by adower phase (48-336
hours). Depuration of radioactivity from red blood cells, however, exhibited adower monophasic pattern
over 336 hours.

Urinary, biliary and fecd metabolites were detected and revealed minima dose-related qudlitative
differencesin metaboliteprofile. Quantitative differenceswerenot incond stent withthat expected for a 100-
fold differenceindose. Twenty Sx urinary metaboliteswere detected dthough only two accounted for more
than 5% of the administered dose. Chromatographic analys's using known reference stlandards alowed
for identification of four of the urinary metabolites. Nine biliary metabolites were detected, dthough none
of the hiliary metabalites accounted for more than 1.6% of the total administered dose. Three biliary
metabolites were also identified as urinary and fecal metabolites. Twelve metabaoliteswereidentifiedinthe
feces of high-dose rats and nine metabolites were identified in the feces of low-dose rats, none of which
represented more than 2.42% of the total administered radioactivity.

This study adequately described the metabolismand dispositionof Triazine in rats administered single ord
doses of 1 or 100 mg/kg. Inventory of administered radioactivity was acceptable and metabalite profiles
indicate thet, at the doses tested, Triazine G 30027 is nearly completely metabolized. The conclusion of
the study authorsthat the major metabolic pathway appears to be dealkylation to the mgor metabolite (G
28273) and that dechlorination to CGA 10582 is a minor pathway is consistent with the deta presented
in the study report.

Thismetabolismstudy inratsisAcceptable/Guideline and satisfiesthe requirementsfor aMetabolismand
Pharmacokinetics Study (OPPTS 870.7485). This study (MRID 44713802) was properly designed and
conducted, and provided data regarding the absorption, distribution, and eimination of the test materid,
and quantitation and identification of urinary, biliary, and feca metabolitesin rats given a Sngle oral low
dose (1 mg/kg) or high dose (100 mg/kg) of [U-*C] Triazine G 30027.

870.7600 Dermal Absorption - Rat

In a dermd absorption study (MRID 43314302), male Charles River CD rats received ether
0.01, 0.1 or 1 mg/en? of Y“C-atrazine(two vials used: radiochemica purity: 98.7 and  98.9%, specific
activity: 1.9 uCi/mg and 19.1 uCi/mg). Animals were exposed inthree groups: animas in group one were
exposed to a single dose of the 3 above listed concentrations for 0.5, 1, 2, 4, 10, or 24 hours and were
sacrificed immediatdy following dosng; group two animals were exposed to a sSngle dose of the above
listed concentrations for 10 hours and were sacrificed 34, 58 or 82 hours following the start of exposure;
and group three animds were exposed to asngle dose of the above listed concentrations for 24 hoursand
then sacrificed 48, 72 or 96 hours following the start of exposure. The exposure sites were washed with
liquid Dove and water at the end of the exposure period. The animds were kept inmetabolismcages during
exposure and after exposure until sacrifice.

The percent absorbed increased withtime and decreased with dose. Regardless of the dose or exposure
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time, the mgority (65 - 95%) of the radio labeled atrazine was recovered in the washes or was found
associated with the skin at the dte of exposure. The maximum percent absorbed was in the animds
exposed to the low dose for 24 hours and sacrificed 96 hoursfollowing the start of exposure. Absorption
was gpproximately 30% inthis group. This indicates that much of what remains onthe skin is subsequently
absorbed.

The percent absorbed increased with time and decreased with dose. A significant portion of compound
remaining on washed skin is subsequently absorbed given enough time.

This dermal absorption study in the rat is classified Acceptable-Guiddine, and satisfies the guiddine
requirement for adermal absorption study (870.7600) in the rat.

870.7600 Dermal Absorption - Human

Inadermal absorptionstudy (MRID 44152114), 10 humanvolunteerswere exposed to asngle
topica dose of [triazine ring-U-“C] atrazine (94.3-96.3% a.i., 98.0-98.4% radiochemical purity) at 6.7
(4 volunteers) or 79 : g/cn? (6 volunteers) for 24 hours; equivaent to 0.1667 and 1.9751 mg of [14C]
atrazine for the low and high doses, respectively.

Overdl recoveries of radioactivity from the low- and high-dose groups were 101 and 92%, respectively.
The mgority (91.1-95.5%) of the dose remained unabsorbed and was detected in skin wash samplestaken
24 hoursafter dosing. After 168 hours, only 5.6% of the dose was absorbed and excreted in the urineand
feces of the low-dose group and only 1.2% inthe high-dose group. Therend excretion haf-lifewas 19.6-
29 hours for the low-dose group and 25.9-31 hours for the high-dose group. In both dose groups, peak
urinary elimination occurred at 24-48 hours and peak feca elimination occurred at 48-72 hours.

Tota chlorotriazine residues detected by TLC inahigh-dose 0-24 hour composite urine sample accounted
for 9.16% of the TRR and included deethyl atrazine (3.88% TRR) and didedlkyl atrazine (5.28% TRR).
No arazine was detected. GC/MSD anayss of urine samples adso did not detect atrazine or its
chlorotriazine metabolites.

Enzyme immunoassays indicated that levels of atrazine mercapturate, an expected glutathione pathway
metabolite was near the limit of detection/quantitation for the methods. Mercapturic acid conjugates of
atrazine and its chlorotriazine metabolites were not detected by LC/MSMS in urine samples.

Some smilaritiesin HPLC profiles of urine from i.v. dosed monkeys (MRID 44152112) and
dermdlly treated humans were observed.

This dermal absorption study inhumansis Acceptable-Nonguiddine. This study was not meant to satisfy
an 870.7600 guideline.

4.9 Special/Other Studies

49.1 Assaysof Direct Estrogenic Activity of Triazines
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Study 1.

Thisstudy (MRID 43598617) combinesthreeinvivoassaystoinvesigatethe estrogenic effects
of atrazine, Smazine, and diaminochlorotriazine [DACT, (ai. > 96%)] onbody weight, body weight gain,
uterine weight, progesterone receptor binding capacity, and thymidine incorporation on femae Sprague-
Dawley rats.

For body weight and uterine weight measurements, ovariectomized rats were dosed by ord gavage dally
for 3 days at 20, 100, and 300 mg/kg/day in single exposure experiment and in co-exposure experiments
with 2 pg estradiol on day 2 and 3. Body weight gains were decreased for rats exposed to the vehide
control, 0.5% carboxymethylcdlulose, (-3.5%) and to the postive control, 2 ugestradiol, (-6.9%). Larger
decreasesinweght gainwere observed inrats exposed to triazines. At 20 mg/kg/day weight lossesranged
from 6-9%. At 100 mg/kg/day, weight losses ranged from 8-13.5%. At 300 mg/kg/day, weight losses
ranged from 11-17%.

Chemicds withestrogenic activity cause proliferationand thickening of the uterinewal. The uterine weights
of rats exposed to triazines were smilar to vehicle control uterine weights. In co-exposure experiments
with estradiol, exposure to atrazine and DACT at 100 and 300 mg/kg/day resulted in a dose-dependant
and daidicaly sgnificant decrease in uterine weight rddive to the pogtive control. In co-exposure
experiments with estradiol, uteri of rats exposed to Smazine a 100 and 300 mg/kg/day were Sgnificantly
decreased relative to the positive contral.

Thymidine incorporation was measured to assess the effect triazines on DNA synthesisin the uterus of
exposed rats. Dose groups included: exposure to 300 mg/kg/day of triazine done administered by ord
gavage for 2 days, and exposureto 1,10, 20, 50, 100, and 300 mg/kg/day of triazine administered by oral
gavage for 2 days plus an injection of 0.15 pg estradiol on day 2. Exposure to triazines done a 300
mg/kg/day resulted in sgnificant decrease rddive to the vehide control. Exposure to the positive control,
0.15 pgestradial, resulted in gpproximately 2.5 fold increase (p < 0.05) inthymidine incorporationrdative
to the vehicle control.  Exposure to 50, 100, and 300 mg/kg/day in co-exposure with 0.15 pg estradiol
resulted in a ggnificant reduction in thymidine incorporation relative to the postive control.

Leves of inducible progesterone receptor (PR) were indirectly measured by the PR binding capacity to
aradioactive ligand. The PR was isolated from uteri of rats exposed by ord gavage to atrazine, DACT,
and smazine done at 300 mg/kg/day for 2 days and to atrazine, DACT, and Smazine at 50 and 300
mg/kg/day in co-exposure with 1 pug/day estradiol for 2 days. The PR binding capacity inrat uteri exposed
to 300 mg/kg/day triazine done was Satisticaly decreased rdativeto vehicle control. PR binding capacity
decreased sgnificantly relative to the positive control with exposure to atrazine, DACT, and Smeazine at
300 mg/kg/day in co-exposure experiments with 1 pg estradiol.

According to the effects on uterine weight, progesterone binding capacity, and thymidine
incorporation at the concentrations tested in this study, atrazine, DACT, and smazine do not

exhibit estrogenic activity.

Thisstudy is classfied as Acceptable-nonguiddine as a specid study onin vivo and invitro estrogenic
effects.
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Study 2:

Inaspecia study (MRID 43598618) on invitro and in vivo compstitive binding of atrazine,
diaminochloratriazine (DACT, amammadian metabolite of both atrazine and Smazine) and smazine (>96
% ai. for dl three compounds) to the estrogen receptor (ER), severd different experiments were
performed utilizing extracted cytosolic ER fromadult femde Sprague-Dawley rats. Experiments observed
the displacement of radiolabeled estradiol by arazine, smazine, and DACT under both equilibrium
(smultaneous exposureto triazine and radiolabeled estradiol at 4°C ) and at disequilibrium conditions (pre-
exposuretotriazine at 25°C for 30 min. prior to exposureto radiolabeled estradiol). Resultsof equilibrium
experiments indicated that atrazine, Smazine, and DACT did not diplace any radiolabeled estradiol
whereas the positive control exhibited adose-dependant displacement of the radiol abeled estradiol. Under
disequilibrium conditions in atime-course experiment, uterine cytosolic extracts were first incubated with
triazine at 100 uM for 30 min. prior to exposure to radiolabeled edtradiol for 5-150 minutes. With time
radiolabeled estradiol displaced triazine that had bound during the initid exposure. In a dose-response
experiment under disequilibrium conditions, uterine cytosolic extracts were first incubated with triazine at
concentrations 10° to 10 M or unlabeled estradiol at 10! to 107 M prior to exposure to radiolabeled
estradiol. The concentration a which 50% inhibition of binding occurred (1C,) for unlabeled estradiol was
approximately 10° M whereasthe | C,'s for the triazine were 20 M for arazine and 100 pM for Smazine
and DACT.

Anadditional experiment under disequilibrium conditionswasperformed to mimic a Scatchard type andyds
using constant molar excess of triazine (100X edtradiol, 10,000X atrazine, or 10,000X smazine) reative
to the radiolabeled estradiol (0.2 nM, 0.5 nM, 1.5 nM, and 5.0 nM). Results indicated the triazines
competed with the radioligand better at lower concentrations of tracer. For example, there was 60%
displacement of 0.5 NnM radiolabeled estradiol when co-exposed with 5 pM - arazine whereas there was
11% displacement of 5 nM radiolabeled estradiol when co-exposed with 50 pM atrazine. In the
Scatchard-type plot, dissociation constants were produced; 0.5 nM in the presence of 100-fold molar
excess of estradiol and 1 nM in the presence of 10,000 fold molar excess of arazine and Smazine. The
X-intercepts of the plot were gpproximately equa (210 fmol/mg) in the presence of estradiol and Smezine
indicating competitive binding. The x-intercept for the atrazine plot was dightly less (158 fmol/mg)
indicating the potentiad for competitive binding but dso some noncompstitive binding under the
disequilibrium conditions of this study.

Experiments using uteri extracted withK Cl to extract the total ER and without KCl to extract the ER not
bound or only loosely bound to chromatin were performed using cytosol fractions incubated with 50 M

triazine or 500 NM estradiol under disequilibrium conditions followed by separation of the sample by
sucrose dengty centrifugation. One hundred twenty five mL fractions were removed and counted for
radioactivity. The authors generated plots representing the fraction number versus the radioactivity in the
givenfractioninorder to observe whichfractionexhibited the binding.  In the extractions without KCl, the
receptor binding peaks were detected in the 7-8S fraction for both estradiol and atrazine. Atrazine
displaced an average of 10.7% of the radiolabeled estradiol whereas estradiol displaced al of the
radiolabeled tracer. Inthe conditionsfavoring theextraction of total ER, activated and unactivated, binding
was detected in the 4-5S fraction. Atrazine displaced an average of 29.6% of the radiolabeled estradiol
whereas estradiol displaced all of the radiolabeled tracer.
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Making the assumptionthat living rats contain the activated formof the ER, inorder to test whether triazines
competed more effectively againg the transformed ER, ovariectomized rats were dosed withtriazines prior
to uterine dissection and competitive binding experiments. The binding of radiolabeled estradiol was
reduced by an average of 33%, 39%, and 24% for atrazine, Smazine, and DACT, respectively (p < 0.05
vs. vehide controls) in the 300 mg/kg/day group. In the 50 mg/kg/day group, binding of radiolabeled
estradiol was reduced (not statistically sgnificant) by 18, 21, and 13% .

Overall theresultsindicatethat atrazine triazine,and DACT do exhibit some competitive binding
with estradiol but only under conditionswhich favor triazine binding.

This specia study onin vitro and in vivo competitive binding of atrazine, DACT and smeazine binding
to the estrogen receptor in therat is Acceptable-nonguideline.

Study 3:

Another study (MRID 43598619) combines the following in vitro assays to investigate the
edtrogenic and antiestrogenic activity of atrazine and smazine: binding to hepatocyte Ah receptor;
proliferation of M CF-7 (human breast cancer cel line) cdls, gel electrophoress mohility shift assay to
measure levels of progesterone receptor; and MCF-7 transfection using aluciferase reporter gene.

Competitive binding to the ayl hydrocarbon (Ah) receptor was measured using 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) as the competitor. Thisassay is performed because some dioxins,
which are strong Ah receptor agonidts, have aso been shown to exhibit antiestrogenic activity. Cytosol
from maerat hepatocytes containing Ah receptor was isolated and incubated with the postive control,
radiolabeled TCDD, pluseither arazine or smazine. With addition of hydroxylgpatite to thismixture, high
molecular weight compounds, such as test compound bound to the Ah receptor, will precipitate out of
solution.  Subsequent centrifugation of this solution will result in the Ah receptor, and anything bound toit,
being sounout into apellet. By counting the radioactivity in the pellet, it is possible to measure the amount
of radiolabeled TCDD di splacedindicating competitive inhibitionwiththe triazine. Competitive bindingwas
measured as the decrease inradioactivity versus the positive control. At concentrations up to 10,000 nM,
atrazine and smazine did not displace TCDD from the Ah receptor.

A cdl proliferationassay usngthe M CF-7 cdl line was performed using the following doses. 10 uM, 1.0
MM, 0.1 uM, and 0.01 pM for arazine and Imazineand 1 nM for estradiol. Experiments using individua
chemicds plus triazine were performed. Resultsindicated that the positive control increased the density
of MCF-7 cdistwo fold redive to the negative control after 11 days. Exposure to atrazine and Smazine
aone neither increased nor decreased cdl number at day 11 relative to the negative control. Resultsof co-
exposure experiments indicate that cell number did not change relative to the positive control.

Estradiol has been shown to increase the leve of progesterone receptor in mammdian cdlls. This assay
measures the effect of estradiol and/or triazine on the binding capacity of a high affinity ligand (R5020) to
the progesterone receptor which is an indirect measure of progesterone levd. The gel electrophoresis
mohility shift assay utilized indirectly measures progesterone receptor (PR) levelsinM CF-7 cdls fallowing
exposure to atrazine, Smazine, or estradiol for 3 days. Polyacrylamide gd dectrophoresis can separate
molecules, such as DNA, or complexes of molecules, such as protein-DNA complexes, based on size.
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The DNA used inthis study is aradioactive oligonucl eotide of a specific sequence which binds to the PR.
This sequence is cdled a progesterone response dement (PRE). PR isolated from MCF-7 cdllsisfirst
incubated with R5020. PR-R5020 complex wasthen incubated with radiolabeled PRE. The R5020-PR-
PRE complex was then run on a polyacrylamide gel. The unbound PRE was separated from the bound
complex based on differencesinmohbility throughthe gd. Dosesused were 1 UM for atrazine and Smazine
and 10 nM for edtradiol. Exposure to estradiol resulted in a 3.5-fold increase in reactivity of the R5020-
PR-PRE complex rdaive to the negative control. Theradioactivity in the R5020-PR-PRE band following
exposureto arazine and Smazine was Smilar to negative control. Theradioactivity intheband representing
the R5020-PR-PRE complex was measured to get an indirect measure of PR levelsin MCF-7 cdlls.
Reaults indirectly indicate that the levels of PR did not increase or decrease with exposure to atrazine or
smazine.

Trandfection experiments were performed where the human estrogen receptor aong with the luciferase
expression system were inserted into MCF-7 . The MCF-7 cedll assay measured luciferase activity (i.e.,
light production) and is quantitative in nature (i.e., concentration of estrogenic chemicad is directly related
to light production). Doses used in the luciferase experiments were 10 M to 108 M estradiol and 10°
M to 10° M arazine and smazine. Atrazine and simazine did not induce luciferase activity above
background at concentrations as highas 10° M (concentrations above 10° M are toxic to MCF-7 cdlls).
Exposure to the positive control, estradiol, resulted in Sgnificant luciferase activity beginning a 1022 M.
Light production increased exponentialy up to 10® M where light production plateaued.

Neither atrazine nor simazine displayed estrogenic activity or inter actedwiththe Ahreceptor in
the set of experimentsdescribed in thispaper.

Thisstudy is classfied as Acceptable-nonguideline as a specia study onin vitro estrogenic effects.
Study 4

Another study (MRID 43934403), combines three in vivo and four in vitro assays to
investigate the estrogenic and antiestrogenic activity of atrazine and Smazine. In vivo experiments, 4 or
5 femde Sprague-Dawl ey rats/dose were dosed ordly or by intraperitoned injection. In order to test for
edrogenic activity, ratswere exposed to arazine (> 97% a.i.) or smazine (>97%a.i.) at 50, 150, and 300
mg/kg/day or estradiol (pogitive control) at 10 pg/kg/day. In order to test for antiestrogenic activity, co-
exposure experiments usng drazine or smazine plus edtradiol were peformed using the same
concentrations. Following a three day exposure, the following in vivo endpoints were measured: uterine
weight, progesterone receptor levels and uterine peroxidase.

Exposure to edtradiol results in datisticaly significant increased uterine weights, increased levels of the
progesterone receptor, and increased activity of uterine peroxidase. Exposure to arazine and Smazine
individualy resulted in negative effectsindicating antiestrogenic activity are shownindightly reduced uterine
weights, satidicdly sgnificantly reduced levels of the progesterone receptor, and Satigticdly significantly
reduced activity of uterine peroxidase.

Thefallowingin vitro assays were performed: proliferationof M CF-7 (humanbreast cancer cdl line) cdls;

gd dectrophoresis mobility shift assay to measure levels of progesterone receptor; MCF-7 transfection
using the luciferase reporter gene; and yeast transfection using a selective media expresson system.
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Dosesfor the cdl proliferationassay whentested individudly and incombinationwere 10 uM, 1.0 uM, 0.1
MM, and 0.01 puM for arazine and Smazine and 1 nM for estradiol.  Results indicated that the positive
control sgnificantly increased the density of M CF-7 cdlis threefold relative to the negative control after 11
days . Exposure to atrazine and Smazine aone neither increased nor decreased cell number at day 11
relative to the negative control. Results of co-exposure experiments indicate that cell number did not
change relative to the positive control .

The gd dectrophoresis mobility dhift assay used in this study indirectly measures progesterone receptor
(PR) levdsinM CF-7 cdls falowing exposurefor 3 days. The oligonucleotide used contains progesterone
response element (PRE) which binds to the PR. PR from MCF-7 cdlls was isolated and incubated with
radiolabeled PRE. The PR-PRE complex was then run on a polyacrylamide gel to separate bound and
unbound PRE based on differences in mohility through the gd. The radioactivity in the band representing
the PR-DNA complex was measured as an indirect measure of PR levels. Doses used were 1 UM for
atrazine and smazine and 10 nM for estradiol. Results indicated that exposure to estradiol resulted in a
3.5-fald increase in reactivity of the DNA-PR complex relative to the negetive control. The radioactivity
in the DNA-PR band following exposure to atrazine and Smazine was Smilar to negative control. These
results indicate indirectly that the levds of PR did not increase or decrease with exposure to arazine or
dmazine

Two transfection experiments were performed where the human estrogen receptor was inserted into the
genome of MCF-7 and yeast cdls. The MCF-7 cell assay measured luciferase activity as a surrogate
measure of estrogen receptor activity. Doses used were 10*M to 108 M estradiol and 10°M to 10°M
arazine and amazine. Atrazine and smazine did not induce luciferase activity above background a
concentrations as high as 10° M (concentrations above 10° M are toxic to MCF-7 cells). Exposure to
the positive control, estradiol, resulted in significant luciferase activity beginning a 102 M and increased
exponentidly up to 10® M where light production plateaued. Atrazine and simazine did not exhibit in
estrogenic or antiestrogenic activity and did not interact directly with the estrogen receptor.

Inthe yeast transfectionassay, the human estrogen receptor linked to anecessary amino acid wasinserted
into the yeast. Growth on selective mediais a quaitative measure of activity of estrogenreceptor. Y east
were dosed with 1 nM estradiol or 10 M arazine or Smazine. Y east proliferated when exposed to
edradiol but did not proliferate whenexposed to atrazine or Smazine. These results indicate that atrazine
and smazine did not exhibit estrogenic activity and did not directly interact with the estrogen receptor.

I nconclusion, the results of these experimentsindicatethat in vivo atrazine and Smazine exhibits
some antiestrogenic activity, but no estrogenic activity. Based on the in vitro results, this

antiestrogenic activity isnot the result of direct interaction with the estrogen receptor.

Thisstudy is classified as Acceptable-nonguiddine asa specid study oninvivoand invitro estrogenic
effects.

4.9.2 Esrous Cycle Alterations and LH Surge Attenuation
1. Pilot sudy

Inastudy (MRID 43934404) to determine the determinethe validity of a proposed protocol
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for testing the effect of atrazine exposure on the proestrus afternoon luteinizing hormone (LH) surge,
edtradiol (E,) was administered to 70 ovariectomized femde Sprague Dawley rats through a surgicaly
implanted slagtic capsule. Serum LH, E, and prolactin levels were measured 3 days later to determine if
the LH and prolactin surges could be measured and to evauate success of the estradiol implantation
procedure.

The ovariectomy followed by estradiol implantation procedure appeared to be effective ininducingLHand
prolactin surges, as both these surges were clearly evident in rats undergoing this procedure.

This specia study in the rat is Acceptable-nonguidedine. This sudy does not satisfy any guideline
requirements and was not submitted with the intention of satisfying a guiddine requiremernt.

2. 28 day study

In a study to evauate the effect of atrazine exposure on the proestrus afternoon luteinizing
hormone (LH) surge (MRID 43934406) arazine, 97.1% a.i., was administered to 450 femae Sprague
Dawley ratsin the diet. Dose levels were O (vehicle contral), 2.5, 5, 40 and 200 mg/kg/day for 28 days.

Mortdity, dlinica sgns, gross pathology and pituitary weights were not affected in this study. Food
consumptionand body weightsare decreased at the 40 and 200 mg/kg/day doses(bodyweight decreased
13% and 47% at 40 and 200 mg/kg/day respectively). The number of animals with diestrus blocks were
increased at 40 and 200 mg/kg/day. The number of animas with estrus blocks were increased at 200
mg/kg/day. The prolactin surge was attenuated at 200 mg/kg/day. The LH surge was attenuated at 40 and
200 mg/kg/day [non-repest bleed rats).

The LOAEL is40 mg/kg/day, based on decr easesin food consumption, body weight, body weight
gain, estrous cycle alterationsand LH surge attenuation. The NOAEL is5 mg/kg/day.

This specid study in the rat is Acceptable-nonguideline. This sudy does not satisfy any guideline
requirements and was not submitted with the intention of satisfying a guideline requirement.

3. Six month study

In a study to evauation the effect of long-term arazine exposure on the proestrus afternoon
Iuteinizing hormone (LH) surge (MRID 44152102) atrazine, 97.1% a.i., was administered to 360 femae
Sprague Dawley ratsin the diet. Dose levels were 0 (negative control), 25, 50, and 400 ppm (O, 1.80,
3.65, 29.44 mg/kg/day) for 26 weeks (approximately sx months).

Body weight, body weight gain and food consumption were significantly (p#0.05) decreased in emimals
at the highest dose tested [HDT| compared to controls (body weight decreased 8.5% at the end of the
study and food consumptiondecreased 3.75% for the entire study). The percentage of daysin estruswere
significantly increased (p#0.01) during the 21-22 and 25-26 week time periods at the HDT. Percent days
in estrus were aso increased during the 21-22 and 25-26 week time periods at the mid dose [MDT], but
the increase was only significant (p#0.05) for the 21-22 week time period. The proestrus afternoon LH
urge was severdy attenuated at the HDT (LH leveds at most sampling time pointswere actudly decreased
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compared to basdine) and less so a the MDT (maximum increase over basdline was 157% compared to
maximumincrease over basdine incontrols of 273%). Atuitary waght wereincrease at the HDT (absolute
weight increased 22% and weght relative to body weight was increased 28%). Fituitary weights a the
other two doses were not affected. There was adight increase at the HDT of animds displaying enlarged
pituitaries (0% in controls compared to 3.4% at 29.44 mg/kg/day) and thickened mammary glands (0%
in controls compared to 6.7% at 29.44 mg/kg/day). There were no other gross necropsy findingsin the
HDT that could beattributed to compound exposure and there were no compound-rel ated grosspathol ogy
findingsat the MDT or lowest dosetested [LDT]. Selectedtissueswere saved for histopathology but those
results have yet to be reported.

There were no compound related effects in mortaity or dinicd Sgns. The proestrus afternoon prolactin
surge was not affected by compound exposure at any dose. The LDT had no effectsonthe estrous cycle,
LH or prolactin surges.

TheLOAEL is 3.65 mg/kg/day, based on estrous cycle alterationsand LH surge attenuation.
The NOAEL is 1.8 mg/kg/day.

This specia dudy in the rat is Acceptable-nonguiddine. this study does not saify any guiddine
requirements and was not submitted with the intention of satisfying a guiddine requiremernt.

4.9.3 Other Two-Y ear Bioassays

Three other two-year bioassays have been submitted to the Agency. These are: 1. a sevid
sacrifice sudy using Sprague-Dawley femaerats (Study 1, below); 2. astudy using Sprague-Dawley
fema e rats with two dose groups and a control (Study 4, below); 3. aserid sacrifice Sudy usng F-344
femderats (Study 5, below).

Certain data collected inthe two serial sacrifice studies were submitted separately and have their
own MRID numbers. Hormone measurements and estrous cycle datafrom both SD and F-344 bioassays
were submitted under the MRID number 42743902. Histomorphology data from these two bioassays
was submitted under the MRID number 43598622. Thetable below displaysthe MRID numbersfor each
submission.

SD Serial Sacrifice Bioassay | F-344 Serial Sacrifice Bioassay I

M easur ements MRID # M easur ements MRID #
Body wt., food cons,, clinicd 42085001 Body wt., food cons,, clinicd 42146101
observations, gross pathology observations, gross pathology
Hormone measurements and 42743902 Hormone measurements and 42743902
Estrous cycle measurements Estrous cycle measurements
Hisomorphology 43598622 Hisomorphology 43598622
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Study 1 (SD serid sacrifice bioassay):

In a2-year bioassay (MRID 42085001) seventy SD femde rats (no males were used) were
exposed, through the diet, to doses of Atrazine (97%) at 0, 70 and 400 ppm ( 0, 4.23 and 26.23
mg/kg/day) for 2 years. Tenfemaesper dose were scrificedat 1, 3,9, 12, 15, 18 and 24 months. Vagind
smearsweretakenfor two weeks prior to each sacrifice date and serum was collected for measurements
of edtradiol, progesterone, prolactin and corticosterone, on the day of sacrifice.

Mortality was increased in a dose-dependent manner. There were five unscheduled deeths in the control
group, 6 in the 70 ppm group and 8 at 400 ppm. Usng the Gehan-Bredow test there was a Satidticdly
sgnificant (SS) negative trend for survival (survival decreased as the dose increased). Another statitical
test - the Cox-Tarone test - did not indicate a sgnificant trend in either direction. Body welghtsat severd
timepointsinthe 400 ppm group were SS reduced compared to controls. Food consumptionwasaso SS
reduced at severa timepoints in the 400 ppm group compared to controls. Body weights and food
consumption did not appear to be atered in the 70 ppm group compared to controls.

Atrazinetreatment at 26.2 mg/kg/day incr easedmortality, decr eased body weightsand decr eased
food consumption.

In a specid study (MRID 42743902) femde SD rats from the two year bioassay with serid
sacrifices described above under "Study 1" (MRID 42085001) had their estrous cycles measured and
serum levels of edtradiol, progesterone, prolactin and corticosterone measured prior to or at each sevid
sacrifice. The results of these estrous cyde evauation and serum hormone measurements are summearized
below.

Estrous cycde evauations (vagind smears)

The percent days spent in estrus in control animals increases as the animals age at the expense
of days spent indiestrus. The percent days of the cyde spent in estrus was dramaticaly increased indosed
animadscomparedto controls at nine, 12 and 18 months. Femaesinthe 4.23 and 26.23 mg/kg/day groups
at nine months spent anaverage of 34.3 and 44.8% of their daysin estrus, respectively (p<0.05 at 70 and
p<0.01 at 400 ppm). Thisiscompared to 24% spent in estrus at the controls. The dose-related trend,
as determined using a Terpstra-Jonckbeere Trend Test, showed a significant increase in % days spent in
estrus (p<0.01). At 12 months there was aso a dose-related trend (p<0.05) but the increases in dosed
groups compared to controls as determined by ANOV A were not significant at either dose.

Atrazine-treated animals showed an early onset of increased days in the estrus phase of the
estrous cycle. This effect occurred at both dosesin this study.

Hormone measurements

Serum progesterone and corticosterone levels did not show any significant dose-related
dterations compared to controls. Serum edtradiol levelsin the control rats in this study showed a positive
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trend (levels increased astime increased) over months one through nine. Exposureto atrazinedid not alter
this trend. The 4.23 and 26.23 mg/kg/day dose groups aso showed a sgnificantly positive trend from
months one through nine. These trends are expected as constant estrus would be expected to begin to set
inasthese animds approach nine months of age. Examination of the pairwise comparisonsat three months
indicatesthat treated animas had an early onset of increased serum estradiol levels compared to controls.
At three months control estradiol leves were 3.5 ng/mL, 70 ppm levels were 11.2, and 400 ppm levels
were 16.2 ng/mL. The increase a 70 ppm was significant at p<0.05, the increase at 400 ppm was
sgnificant at p<0.01 and the trend, determined using a Terpstra-Jonckbeere Trend Test, was positive at
p<0.05. At nine months control and 4.23 mg/kg/day group estradiol levels were smilar, but the 26.23
mg/kg/day group compared to controls wasincreased 44%. Atninemonthsestradiol levelswereeevated
compared to control, but not significantly so.

An early onset of increased serum estradiol levelsis seen in both doses of atrazine-treated
females.

Study 3 (hisomorphology in SD):

In a specid study (MRID 43598622) femde SD rats from the two year bioassay with serid
sacrifices described above under "Study 1" (MRID 42085001) had certain tissues, including their ovarian
and mammary gland tissues, examined histopathologicaly. An evauation was made of parametersinthe
ovarian tissues which indicated the animals current and recent estrous cycle states. The mammary gland
was examined by histopathology for indications of exposure to steroid hormones such as estrogens,
progesterone and prolactin.  The examination of tissues, through histology, for morphologic dterations
which provide information about certain aspects of an animas physiologic state (such as the animd's
estrous cyding ability or their exposure to hormones) istermed hisomorphology. Theresultsof theovarian
and mammary gland hisomorphology from evauations from this sudy are summarized below.

Ovaian Gland Hisomorphology:

Selected tissues (including both ovaries and mammary glands) were removed and preserved at the serid
sacrifice intervas described above under study 1, MRID 42085001. Severd ovarian parameters were
evauated induding the number and type of corpora lutea (CL) and the number of antrd follides. The
presence of many "old” CL indicates that an anima went through norma estrous cycles in the past. A
complete absence of CL indicatesthat an animd is not cycling and has not gone through an estrous cycle
insometime. Antrd follidesare maturefallidesthat are closeto ovulation. An increased number of these
means that they are accumulating and implies that the Sgnd for ovulation (an LH surge) may not be
avallable or of sufficient magnitude to stimulate ovulation.

Therewere no differencesin number of old CL or antra follicles between controls and dose groupsaat the
one monthtime point. By three monthsthe number of animaswhich did not haveold CL present increased
inadight, but dose-dependant manner, from zero in controls to one at 4.23 mg/kg/day and two at 26.23
mg/kg/day. Of the animds that had CL, there was an increased incidence in the dose groups of animas
with reduced numbers of CL. Twenty percent of the controlswere found to have reduced numbers of CL
compared to 33% at 4.23 and 37.5% at 26.23 mg/kg/day. The mean grade per animd for antrd follicles
(i.e., thesumtotd of dl gradesfor al animasinthe group divided by ten) was 2.1 and 2.2 inthe 4.23 and
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26.23 mg/kg/day groups, respectively, compared to 1.2 for controls. A higher mean antrd gradeindicates
anovulation.  These differences between control and treated groups became more extreme at the nine
monthtimepoint. Seven of ten and ten of ten animasat nine monthsin the 4.23 and 26.23 mg/kg/day dose
groups, repectively, had no CL at dl present in thelr ovaries. Thisis compared to Sx of tenanimasinthe
controls which did not have CL present. The mean antrd follicle grade was 3.1 and 3.8 at the 4.23 and
26.23 mg/kg/day dose groups, respectively. This is compared to 2.6 in the controls. Data from the 12
monthtimepoint indicated that control animas had equalized withthetreated animas interms of parameters
representing anovulaion. Ten of ten controls and ten of ten high dose animas displayed no CL a 12
months while eght of ten low dose animas displayed no CL. Themean antrd follicle scoreswere 3.3, 2.9
and 3.1 for the control, low dose, and high dose respectively.

Compared to controlstherewas an early onset in dosed groups, at three and nine months, of
parameter s such as absence of old CL, absence of any CL, CL reducedin number, and incr eased
numbers of antral follicles. These parametersindicate lack of ovulation and the appear ance of
these parametersin greater numbersin dose groups thanin controls, at three and nine months,
providesevidence that atrazine exposur e is associatedwith and ear ly onset of anovulationin the
this assay.

Mammary Gland Hisomorpholoqy:

Mammary gland hisomorphology for severd parametersis discussed below. Index weighted scores are
used to describe the results of the hissomorphic evauations. An index weighted score assgns anumerica
vaueto the severity of the finding assigned by the pathologist. The higher the index weighted score, the
more severe was the finding inthat group. These results show an early onset of increased index weighted
scoresfor severa hisomorphic parameterswhich indicate exposure of the mammary tissueto estrogens,
progesterone and prolactin.

Acinar Development - An early onset of increased exposure to estrogen is indicated by acinar
development hissomorphology index scores indicate and early onset of this finding in atrazine-exposed
femae SD rats. Theindex scores at the one-month time point are dightly higher in the dose groups than
in the control, but a dose-response relaionship was not seen. At the three- month time point the index
scores are again increased over control. Theincreaseis @ thistime point is dose-related though with the
high dose being more severethanthe low dose. At both nine and 12 months the index score againindicate
more severe acinar development in the dose groups compared to the controls with the increase in severity
being especidly obvious at the high dose,

Acinar/Lobular Development - An early onset of this parameter is evident. The one- and three-month
timepoints have index scores in the dose groups that are Smilar to the control index scores. The dose
group index scores are clearly increased compared to controls at nine and 12 month timepoints though.
This indicates that the atrazine-treated animals were exposed to eevated levels of prolactin at an earlier
time point than the control animals.

Secretory Activity - Theindex scores for secretory activity a so demonstrate an early onset of increased
prolactin exposure in the dose groups compared to the controls. Index scores at one and three monthsin
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the dose groups were smilar to control values, while index scores in both dose groups were clearly
elevated compared to controls at the nine- and 12-month timepoints.

Dilated Ducts with Secretion - Index scores a one and three monthsin the dose groupswere smilar to
control values. The index scores for the 4.23 mg/kg/day group compared to controls were only dightly
elevated. Theindex scoresfor the 26.23 mg/kg/day group were greatly elevated compared to controls

Galactocele Incidence and Severity - No gaactoceles were observed in any group at the one- and
three-month timepoints. At nine and 12 months galactoceles in the dose groups were increased in both
number and severity. By 15 months gdactoce e incidence and severity were Smilar between control and
dose groups.

An early onset of several mammary gland hissomorphology parametersin atrazine
exposed SD rats of both doses in this study indicates an early onset of exposureto increased
levels of steroid hormones - particularly estrogens and prolactin.

Study 4 (two dose two-year bioassay):

Atrazine technica was given in the diet to groups of 60 (femae only) Sprague-Dawley rats for
24 months (MRID 42204401) at concentrations of 0, 70, or 400 ppm (gpproximating 0, 3.79, 23.01
mg/kg/day respectively). Water and food were available ad libitum. Test doses were selected following
a2-year study using 0, 10, 70, 500 or 1000 ppm of atrazinein the diet (MRID 00158930).

A dight reduction (a negdtive trend) in survivad found amongst the dosed groups was considered to be
equivocd because the datawere satigticaly Sgnificant (p<0.05) by the Gehan Bredow test but not by the
Cox-Tarone test. No treatment-related increases in clinica Sgns were noted in the study. Body weight
ganswere gaidicaly sgnificantly reduced relativeto controls (approx. 12to 13%) only at 400 ppmduring
weeks 0-76. Food consumption was only minimaly reduced at the highest dose. Slight aterationin red
blood cdl shapes and incidence of nucleated RBCs were transient in occurrence.  Spleen weights were
dightly increased but the increase was not gatisticdly sgnificant. Other organ weight and organ:body
weight vaues fromthe 400 ppm group were not significantly different from controls. nonneoplagtic lesion
findings were comparable in controls and treatment groups. Palpation times for tumors confirmed
higologicaly indicated an early onset of mammary tumors. No datigicaly-sgnificant increase inmammary
tumors was observed.

The NOAEL for systemictoxicity is 70 ppm (cal culated by the r eviewer to be approximately 3.79
mg/kg/day) based on body weight gains of this group being 12-13% lessthan controlsaswell as
statistically significant decreasesin body weightsin the 0-76 week period. Also, areduction in
survival considered to be equivocal is reported at 400 ppm. An MTD and effect level was
determined in a previous chronic feeding study (MRID 00158930).

The study is classified Acceptable-nonguiddine. This study done does not fulfill Guiddine requirements

870.4300 for carcinogenicity evauation because only 2 dose levels were tested. Other studies have
completed this Guiddine requirement.
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Study 5 (Intact vs OV X femaes and long-term estrous cycle evauations):

In a carcinogenicity study intended to provide information about the mode of action for
oncogenicity in atrazine exposed Sprague-Dawley rats,(MRID 44544701), atrazine, [97.1% a.i.] was
adminigtered to 800 female Sprague-Dawley rats. The rats were divided into 2 groups of 400 each. One
group was ovariectomized (OV X) while the other was left intact. Atrazine was mixed with the diet at dose
levels of O (contral) 25, 50, 70 and 400 ppm (0, 1.5, 3.1, 4.2, 24.4 mg/kg/day for intact animas and O,
1.2, 25, 3.5, and 20.9 mg/kg/day for ovariectomized animals) for 2 years.

Hematology, dlinica chemidry, and urindyss were not assessed in this study. Food consumption in the
dose groups compared to the controls was not atered by compound exposure. The trend for survival was
datidicdly-sgnificantly decreased inthe dosed groups compared to the controls. Survival was asfollows
43.3% in controls; 31.7% - 25 ppm; 28.8% - 50 ppm; 31.6% - 70 ppm; 21.7% 400 ppm. Body weight
was datigticaly-ggnificantly reduced in the firgt hdf of the study inthe 400 ppmgroup (other groups were
not sgnificantly dtered), but by the end of the study body weights were Smilar to control values. Organ
weights for pituitary, uterus and the ovaries were taken in this study. No organ weightsin either the intact
or ovariectomized group were atered by compound exposure.

The only gross necropsy finding which was atered by compound exposure was the occurrence of
mammary masses in the intact dosed animas. Dosed animas showed a higher incidence of mammary
masses (many of which were confirmed by histopathology to be tumors).

There were no non-neopladtic findings at histology that were increased in dosed OV X animas compared
to controls. OV X animdsinal groups displayed very highincidences of juvenile uterus and castrationcdls
in the pituitary which would be expected inan OV X animd. The only findingindosed intact animas which
wasincreased in incidence over controls were ovarian cysts which were dightly increased a 70 and 400
ppm compared to controls. There were though, many findings which were prevaent in the intact animals,
yet were not seen (or were seen a lower levels) in the OVX animds. Mammary gland galactoceleswere
seen in anywhere from 65 to 78% of the intact animals, depending on the dose group, but the highest
percentage of gdactoceesin the OV X group was 24% in the 50 ppm group. Mammary gland secretory
activity was seen in from 34 to 46% of theintact animals but was not seen in any OVX animds. Uterine
dilation was seen in from 8-18% of the intact animas and uterine cydtic endometrid hyperplasia was seen
in about 50% of the intact animas. No OV X animals displayed uterine dilation and only about 20%
displayed cystic endometrid hyperplasia. Intact animas aso had increased incidence of pituitary findings
compared to OVX animas. From 65 to 73% of the intact animas were found to have snusoid
ectasalangiectasis but the range in OV X animads was 31 to 45%. The differences in mammary gland,
uterine and pituitary findings between OV X and intact animals may provide information about the mode
of action of atrazin€ s carcinogenicity.

Neoplagtic histopathology findings were modtly limited to the pituitary and the mammary gland. Neither
OV X nor intact animals showed an increase in pituitary tumors compared to their respective controls, but
intact animals did show a 20-30% greater incidence of pituitary adenomas compared to OVX animals.

There were few mammary tumors in the interim sacrifice animas, which is not surprising given that these
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animds were sacrificed after only one-year. Exduding theinterimsacrificeand lookingonly at those animas
whichwere sacrificed at 24 months and those which died prematurdly, there was an increase in mammary
tumor incidence a dl intact dose groups compared to controls. Inascending order of dose the percentage
of animas with any type of mammary tumors was. 38.3% incontrols, 53.3%; 71.2%; 56.6% and 68.3%
at 400 ppm. Looking at carcinomas aone values are: 18.3%; 36.7%; 33.9%; 20%; and 41.7%.
Fibroadenomas alone were: 26.6%; 40%; 52.5%; 45%; and 40%.

A decrease in the time-to-tumor is dso evident fromexposureto atrazine. Inthe control group 50% of the
tumors occurred in the last 6 months of the study. The percentage of tumors which appeared in the last 6
months of the study in the dose groups were: 35.8%; 37.5% 36.5% and 33.4%. The number of tumors
which occurred in the first year of the study was dightly increased at 25, 50 and 760 ppm and greetly
increased at 400 ppm: 9% in controls; 10.7%; 10%; 12% and 17.9% in the 400 ppm group.

Anincr easedincidence of mammary tumor in intact animals was obser ved at doses of 50 ppm (3.1
mg/kg/day) and above.

The purpose of this study was to examine mammeary tumor carcinogeness infemae Sprague-Dawley rats.
Thus, alarge part of thisreview focuses on carcinogenicity.

One of the more driking aspects of the study was the complete lack of mammary tumorsinOV X animas
Not asngle mammary tumor of any sort was seen in any OVX animd. The lack of mammary tumorsin
OV X animals provides evidence that the mode of action of atrazine is neither a direct genotoxic nor
edtrogenic effect onthemammary gland. Rather, anindirect hormonally-mediated effect involving the ovary
isimplied.

At the 50 ppmand above doses, there was atrestment rel ated increase in mammeary tumor incidence when
compared to controls. Dosngwas considered adequate based on decreasesin body weight. Additionaly,
there was a decreased time-to-tumor at doses of 25 ppm and above.

This carcinogenicity study in the rat is Acceptable-nonguideline, and does not stisfy the guiddine
requirement for a carcinogenicity study (870.4300) in the rat nor was it submitted with the intention of
saidying aguiddine.

Study 6 (F-344 serid sacrifice bioassay):

In MRID 42146101 , seventy F-344 rats (females only) per dose were exposed ad libitum to
diet that had been mixed with atrazine (97.1%) to the appropriate doses of O (negative contral), 10, 70,
200 and 400 ppm (0, 0.68, 4.82, 14.05, 34.33 mg/kg/day). Tenanimds per dose group were sacrificed
after gpproximately one, threg, nine, 12, 15, and 18 months exposure to the test article.

Therewas not anincrease in mortaity due to compound exposure, and there was no increased incidence
of dinica sgnsin dosed animals compared to controls. The dosestested appeared to be sufficiently high
because there was a decreased absolute body weight and body weight gain in the 400 ppm group
compared to the controls. Group mean absol ute body weight in the 400 ppm group compared to controls
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was a0 sgnificantly decreased compared to controls at severa time points though the fina mean body
weight was not dgnificantly decreased compared to controls. The final group mean body weight for the
400 ppm group was 6.6% less than the mean control value. During the course of the study the 400 ppm
animas gained anaverage of 116.7 grams compared to the weight gaininthe control group of 133.3 grams
(14% less than controls). This difference in body weight gain was Satisticaly-sgnificant a a p vaue of
0.05.

Therewasnot an increase in mammary tumors or any other type of tumor at any dose group in
either sex.

Studies 7 and 8, described below, are studies which performed hormone measurements, estrous cyde
evauations, and hisomorphologicd evauationson ovarian and mammary tissuesin animasfromthisstudy.

Study 7 (hormone measurement and estrous cycle evauationsin F-344):

The hormone measurements dataand estrous cyde evauationresults (vagind smears) fromthe
anmds in MRID 42146101 are shown in MRID 42743902. HED believes that the estrous cycle
evauation data reported in MRID 42743902 are unreliable. The histomorphology data from MRID
43598622 are instead used to determine stage of the estrous cycle.

Theresultsof the hormone measur ements did not reveal any consistently statistically-significant
alterations in serum hormone levels compar ed to controls for any of the hormonestested. There
were occas ona dgnificant dterations suchas significantly decreased (p< 0.05) progesterone levelsin the
4.82 mg/kg/day dose and corticosterone levelsin the 34.33 mg/kg/day group a the 12-month time point
comparedto controls; Sgnificant negetive trendsin estradiol levesat the 12-monthtime point, progesterone
levels a the 12- and 18-month timepoints, and corticosterone levels at the 12- and 15-monthtimepoints,
and prolactin leves displayed a dgnificant postive trend at the three-month time point only. Careful
condderation of these dterations indicated that they did not appear to be related to atrazine exposure.

There were dterations in serum hormone levels that were seen in control aswell as treated rats. These
were: decreases in estradiol levesinthe later hdf of the study; significantly increasing progesterone levels
fromoneto 18 months. Decreased estradiol and increased progesterone are expected inrats undergoing
areproductive agingprocessinvolvingpseudopregnancy. Exposureto atrazinedid not ater the age-related
changes in edtradiol or progesterone levels.

An increase in prolactin levds might be expected inan aging rat undergoing pseudopregnancy. However,
congstent increases in serum prolactin levels were not seen.
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Study 8 (hisomorphology in F-344):

The hisomorphologic evauationof tissuefromanimasin MRID 42146101 (study 6, described
above) ispresented as MRID 43598622.

Ovarian Hisomorpology: The great mgority of F-344 ratsin al groups, both control and dose groups,
maintained corpora lutea (CL ) throughout most of the study. Only at the fina, 24-month, time point were
there dramatic decreases in CL numbers. The atrazine-trested animals at this time point did not show
decreasesin CL numbers any more severe than the control animads. The reduction in CL numbers at this
latetime point appearsto be a consequence of a natura progression of the animas from persstent diestrus
intoacydicity. All animasinal dose groups maintained moderate numbers of secondary, antrd and atretic
fallicles throughout the study - including the 24-month time point.

The ovarian hisomorpohology seen in this sudy is what would be expected inanormdly aging femde
344 rat undergoing a norma aging process towards a State of repetitive pseudopregnancy. Repetitive
pseudopregnancy is associated with vagina smears that are primarily leukocytic and is, thus, sometimes
referred to as "persstent diestrous’.

The ovarian histomorphology data indicates atrazine treatment did not alter the number of
animalsin repetitive pseudopregnancy/persistent diestrous. Estrouscyclingin atrazinetreated
F-344 females was not altered.

Mammary Gland Hisomorphology: Animasinal dosegroupsdisplayed mammeary gland hisomorphologic
dterations that would be expected in anormdly aging F-344 femdesratsi.e. - there was some evidence
of lobular/acinar development with secretory activity and occasiond gaactoceesindl dose groupsat the
15, 18 and 24 month timepoints.

The mammary gland hissomor phologic alter ations that are seen are those that would be expected
in a normally aging F-344 female rat. Atrazine exposure did not increase the severity of any
mammary gland hissomor phology finding or decreasetheir time of onset.

4.9.4 NHEERL Publications

Substantia research has been conducted on the toxicologic effects of arazine exposure &t the
Reproductive Toxicology Divison of EPA's Nationa Heath and Environmental Effects Research
Laboratories (NHEERL ) at Research Triangle Park, N.C. . These studieshave beenevauated inthe May
22, 2000 document that was reviewed by the June, 2000 SAP [see
http:/Amww.epa.gov/scipoly/sap/2000/june27/findparta_atz.pdf]. Thisresearchindudesstudiesinvestigating
the neuroendocrine basis of the mode of action for atrazine-associated carcinogenesis, as well as studies
investigating developmenta and reproductive effects associated with arazine exposure. Much of these
data have been published in the open literature. The abstracts from these openliterature publications are
shown below in chronologica order of publication.
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Cooper, R.L., Stoker, T.E., Goldman, J.M., Parish, M.B., Tyrey, L. (1996) Effect
of arazine on ovarian function in the rat. Reprod. Toxicol. 1996 Jul-Aug,;
10(4):257-64. MRID not yet assigned.

Theeffect of the chlorotriazine herbicide, atrazine, on ovarianfunctionwas studied inLong-Evans
hooded (L E-hooded) and Sprague-Dawley (SD) rats. Atrazine was administered by gavage for 21 d to
females displaying regular 4-d estrous cycles. In both gtrains, 75 mg/kg/d disrupted the 4-d ovarian
cycle, however, no distinct ateration (.e., irregular cycles but not perdstent estrus or diestrus) was
gpparent at this dose. At 150 mg/kg/d, atrazine induced repetitive pseudopregnancies in femaes of both
grains. The highest dose tested (300 mg/kg/d) aso induced repetitive pseudopregnancies in the SD
femdes, while the ovaries of the LE-hooded femae appeared regressed and the smear cytology was
indicative of the anestrous condition. Although a NOAEL was not established, the doses employed in this
experiment were in excess of those used in chronic feeding studies in which an early onset of mammary
gland tumors was noted. These data demondtrate that atrazine can disrupt ovarianfunctionand bring about
magor changes in the endocrine profile of the femde.

Stoker, T.E., Robinette, C.L., Cooper, R.L. (1999) Maternd exposureto atrazine
duringlactationsuppressessuckling-induced prolactin rel ease and resultsin prostatitis
in the adult offspring. Toxicol Sci 1999 Nov; 52(1):68-79 MRID 45166902

The avallahility of prolactin (PRL) to the neonatd brain is known to affect the development of
the tuberoinfundibular (TIDA) neurons and, as a consequence, lead to aterations in subsequent PRL
regulation. Without early lactationd exposureto PRL (derivedfromthe dam'smilk), TIDA neurona growth
is impaired and elevated PRL levels are present in the prepubertal mae. These observations, combined
with the finding that dterationsin PRL secretion (i.e., hyperprolactinemia) inthe adult mde rat have been
implicated in the development of prodtatitis, led usto hypothesizethat early lactationa exposure to agents
that suppress suckling-induced PRL releasewould lead toadisruptionin TIDA  development, altered PRL
regulation, and subsequent prodtatitis in the mae offspring. To test this hypothes's, suckling-induced PRL
release was measured in Wistar dams treated twice daily withthe herbicide atrazine (ATR, by gavage, on
postnatal day (PND) 1-4 at 0, 6.25, 12.5, 25, and 50 mg/kg body weight), or twice daily with the
dopamine receptor agonist bromocriptine (BROM, sc, at 0.052, 0.104, 0.208, and 0.417 mg/kg); BROM
is known to suppress PRL release. Smilarly, atrazine has dso been reported to suppress PRL in adult
femaes. Serum PRL was measured on PND 3 usng a serid sampling technique and indwelling cardiac
catheters. A sgnificant rise in serum PRL release was noted in dl control femaes within 10 min of the
initiation of suckling. Fifty-mg/kg ATR inhibited suckling-induced PRL rdeasein dl femdes, whereas 25
and 12.5 mg/kg ATR inhibited this measure in some dams and had no discernible effect inothers. The 6.25
mg/kg dose of ATR was without effect. BROM, used here as a postive control, aso inhibited
suckling-induced PRL release at doses of 0.104 to 0.417 mg/kg, with no effect at 0.052 mg/kg. To
examine the effect of postnatal ATR and BROM on the incidence and severity of inflammeation (INF) of
the laterd progtate of the offspring, adult males were examined at 90 and 120 days. While no effect was
noted at 90 days of age, at 120 days, both the incidence and severity of prostate inflammation was
increased in those offspring of ATR-treated dams (25 and 50 mg/kg). The 12.5 mg/lkg ATR and the two
highest doses of BROM increased the incidence, but not the severity, of progtatitis. Combined trestment
of ovine prolactin (oPRL) and 25 or 50 mg/kg ATR on PND 1-4 reduced the incidence of inflammetion
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observed at 120 days, indicating that this increase in INF, seen after ATR done, resulted from the
suppression of PRL in the dam.

To determine whether thereis acritica period for these effects, dams were dosed with 25 and 50 mg/kg
onPND 6-9 and PND 11-14. Inflammation was increased in those offspring fromdams treated on PND
6-9, but this increase was not dgnificant. Dosng on PND 11-14 was without effect. These data
demondtratethat ATR suppresses suckling-induced PRL release and that this suppressionresultsinlatera
prostate inflammeation in the offspring. The critical period for this effect is PND 1-9.

Shafer, T.J., Ward, T.R., Meacham, C.A., Cooper, R.L. (1999) Effects of the
chlorotriazine herbicide, cyanazine, on GABA(A) receptorsincortical tissue fromrat
brain. Toxicology 1999 Dec 20;142(1):57-68. MRID not yet assigned.

Chlorotriazine herbicidesdisrupt luteinizing hormone (LH) releaseinfemde ratsfallowing invivo
exposure. Although the mechanism of actionis unknown, sgnificant evidence suggeststhat inhibitionof LH
release by chlorotriazines may be mediated by effects in the centrd nervous system. GABA(A) receptors
are important for neurona regulation of gonadotropin releasing hormone and LH release. The ability of
chlorotriazine herbicides to interact with GABA(A) receptorswas examined by measuring their effects on
[BH]muscimal, [3H]R015-4513 and [359]tert-butylbicyclophosphorothionate (TBPS) binding to rat
corticadl membranes. Cyanazine (1-400 microM) inhibited [3H]R015-4513 binding with an 1C50 of
gpproximately 105 microM (n=4). Atrazine (1-400 microM) aso inhibited [3H]R015-4513 binding, but
was less potent than cyanazine (IC50 = 305 microM). However, the chlorotriazine metabolites
diaminochlorotriazine, 2-amino-4-chloro-6-ethylamino-s-triazine and
2-amino-4-chloro-6-isopropylamino-s-triazine were without Sgnificant effect on[ 3H]R0o15-4513 binding.
Cyanazine and the other chlorotriazines were without effect on[3H]muscimol or [35S] TBPS binding. To
examine whether cyanazine dtered GABA(A) receptor function, GABA-gimulated 36Cl- flux into
synaptoneurosomes was examined. Cyanazine (50-100 microM) aone did not significantly decrease
GABA-gimulated 36CI- flux. Diazepam (10 microM) and pentobarbital (100 microM) potentiated
GABA-gimulated 36CI- fluxto 126 and 166% of control, respectively. At concentrations of 50 and 100
microM, cyanazine decreased potentiation by diazepam to 112 and 97% of control, respectively, and
decreased potentiation by pentobarbital to 158 and 137% of control (n = 6). Interedtingly, at lower
concentrations (5 microM), cyanazine shifted the EC50 for GABA-gimulated 36CI- flux into
synaptoneurosomesfrom28.9 to 19.4 microM, respectively (n = 5). These results suggest that cyanazine
modulates benzodiazepine, but not the muscimol (GABA receptor site) or TBPS (Cl- channdl), binding
steson GABA(A) receptors. Furthermore, at |ow concentrations, cyanazine may dightly enhance function
of GABA(A) receptors, but at higher concentrations, cyanazine antagonizes GABA(A) receptor function
and in particular antagonizes the positive modulatory effects of diazepam and pentobarbita.

Cooper, R.L., Stoker, T.E., Tyrey, L., Goldman, JM., McElroy, W.K. (2000)

Atrazine disrupts the hypothaamic control of pituitary-ovarian function. Toxicol Sci
2000 Feb; 53(2):297-307. MRID 45166901

The chloro-S+triazine herbicides(i.e., atrazine, Smazine, cyanazine) condtitutethe largest group
of herbicides s0ld in the United States. Despite their extensive usage, rlaively little is known about the
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possible human-hedth effects and mechanism(s) of action of these compounds. Previous studies in our
|aboratory have shown that the chlorotriazines disrupt the hormona control of ovariancycles. Resultsfrom
these studies led us to hypothesize that these herbicides disrupt endocrine function primarily through their
actiononthe centra nervous system. To evauate thishypothes's, weexamined the estrogen-induced surges
of luteinizing hormone (LH) and prolactin in ovariectomized Sprague-Dawley (SD) and Long-Evans
hooded (LE) ratstreated withatrazine (50-300 mg/kg/day, by gavage) for 1, 3, or 21 days. One dose of
arazine (300 mg/kg) suppressed the LH and prolactin surge inovariectomized LE, but not SD femderats.
Atrazine (300 mg/kg) administered to intact LE femaes onthe day of vagind proestrus was without effect
onovulationbut did inducea pseudopregnancy in 7 of 9 femaes. Three daily doses of atrazine suppressed
the estrogen-induced LH and prolactin surgesinovariectomized LE femaesin a dose-dependent manner,
but this same treatment waswithout effect on serum LH and prolactinin SD femdes. The estrogen-induced
surgesof both pituitary hormoneswere suppressed by atrazine (75-300 mg/kg/day) in a dose-dependent
manner in femdes of both strains evaluated after 21 days of treatment. Three experiments were then
performed to determine whether the brain, pituitary, or both organs were the target sites for the
chlorotriazines. Theseincuded examination of the ability of (1) the pituitary lactotrophs to secrete prolactin,
using hypophysectomized femades bearing pituitary autotransplants (ectopic pituitaries); (2) the synthetic
gonadotropin-releasing hormone (GnRH) to induce LH secretion in femdes trested with high
concentrations of arazine for 3 days, and (3) atrazine (administered invivo or invitro) to suppressLH and
prolactin secretionfrom pituitaries, using a flow-through perfusion procedure. In conclusion, the results of
these studies demondtrate that atrazine dters LH and prolactin serumlevelsinthe LE and SD femderats
by dtering the hypothaamic control of these hormones. In this regard, the LE femde appeared to be more
sengitive to the hormone suppressive effects of atrazine, as indicated by the decreases observed on
treatment-day 3. These experiments support the hypothesis that the effect of atrazine onLH and prolactin
secretion is mediated via a hypothaamic Ste of action.

Das, P.C., McElroy, W.K., Cooper, RL. (2000) Differentid modulation of
catecholamines by chloratriazine herbicides in pheochromocytoma (PC12) cdls in
vitro. Tox. Sci. Aug; 56(2): 324-31. MRID not yet assigned.

Epidemiologica, wildlife, and laboratory studies have pointed to the possible adverse hedth
effectsof chlorotriazine herbicide (i.e. , arazine, mazine, and cyanazine) exposure. However, the cdlular
mechaniam(s) of action of these compounds remains unknown. Recently, it was reported by Cooper et d.
(2000, Toxical. Sci. 53, 297-307) that arazine disrupts ovarian function by atering hypothaamic
catecholamine concentrations and subsequently the regulation of luteinizing hormone (LH) and prolactin
(PRL) secretion by the pituitary. In this study, we examined the effect of three chlorotriazines on
catecholamine metabolisminvitro usng PC12 cdlls. Intracellular norepinephrine (NE) and dopamine (DA)
concentrations and spontaneous NE release were measured following treatment with different
concentrations of atrazine, simazine (0, 12. 5, 25, 50, 100, and 200 microM) and cyanazine (0, 25, 50,
100, and 400 microM) for 6, 12, 18, 24, and 48 h. Atrazine and Imeazine dgnificantly decreased
intracellular DA concentration in a concentration-dependent manner. Intracellular NE concentration was
aso sgnificantly decreased by 100 and 200 microM atrazine and 200 microM smazine. Smilarly, there
was a dose-dependent inhibition of NE release with 100 and 200 microM concentrations of both
compounds. Although 100 and 400 microM cyanazine increased intracellular N E concentration, 50, 100,
and 400 microM cyanazine significantly increased NE rdease a 24 and 36 h. In contrast, intracellular DA
concentration was decreased by cyanazine, but only at 400 microM. The GABA(A)-receptor agoni<,
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muscimol (0, 0.01, 0.1, and 1.0 microM) had no effect on ether the release or on intracellular
catecholamine concentrations from6 through 24 h of trestment. Cell viability was somewhat lower in the
groups exposed to 100 and 200 microM atrazine and smazine. However, the reduction in viability was
ggnificant only in the highest dose of arazine used (200 microM) at 24 h. Cyanazine did not have an effect
onthe viability at any of the dosestested, and the cdls were functiond, evenup to 48 h of exposure. These
data indicate that both atrazine and Smazine inhibit the cdlular synthesis of DA mediated by the tyrosne
hydroxylase (TH), and NE mediated by dopamine beta-hydroxylase (DbetaH), and, as aresult, there is
apartia or sgnificant inhibition of NE rdease. Cyanazine, on the other hand, simulated the synthess of
intracdlular NE, and not DA. Thus, chlorotriazine compounds presumably act at the enzymetic steps or
gtes of DA biosynthes's to modulate monoaminergic activity in PC12 cdlls.

Cummings, A. M., Rhodes, B.E., and Cooper, R.L. (2000). Effect of atrazine on
implantation and early pregnancy in four drains of rats. Tox. Sci. Nov. 58: 135-143.
MRID not yet assigned.

Atrazine (ATR) isan herbicide that hasbeen shown to have adverse reproductive effectsinduding
dterationsinleves of pituitary hormones such as prolactin (prl) and luteinizing hormone (LH) infemde LE
rats when administered at doses of 200 mg/kg/day for 1 and 3 days. Since prl’s action to promote
progesterone secretionis essentid for the initiation of pregnancy inrats, this study was designed to examine
the effect of exposure to ATR during early pregnancy on implantation and short-term pregnancy
maintenance. Rats were divided into two groups representing periods of dosing with ATR prior to the
diurnd or nocturnd surges of prl. Within each group, four groups conssting of four strains of rats
(Holtzman, HLZ; Sprague Dawley, SD; Long Evans, LE; Fisher 344, F344) were eachfurther subdivided
intofour ATR dosages. Ratswere dosed by gavage with 0, 50, 100, or 200 mg/kg/day ATR on days 1-8
of pregnancy (day 0 = sperm+). All animaswerenecropsied on day 8 or 9 of pregnancy. The 200 mg/kg
dose of ATR reduced body weight gainindl but one group. Two groups of animalsdosed at 100 and 200
mg/kg/day in the nocturna dosing period showed an increase in percent preimplantation loss, and both of
these were F344 rats. Holtzman rats were the only strain to show a significant level of postimplantation
lossand adecrease in serum progesterone at 200 mg/kg/day both following diurna and nocturna dosing.
Doses of 100 mg/kg/day aso produced postimplantation loss following diurnd and nocturna dosing, but
progesterone levels were only decreased after nocturna dosing.  Alterations in serum LH were seen in
severa groups. Serum edtradiol was sgnificantly increased only in Sprague Dawley rats dosed at the
diurnd interva with200 mg/kgATR. We conclude that F344 rats are most susceptible to preimplantation
effectsof ATR and that HLZ rats appear most sendtive to the postimpl antation effects of the chemicd. LE
and SD rats were least sengitive to effects of ATR during very early pregnancy.

Narotsky M. G., Best, D.S,, Guidid, D. L., and Cooper, RL. (2000). Strain
comparisons of atrazine-induced pregnancy loss in the rat. Repro Toxicol. In Press.
MRID not yet assigned.

Atrazine was administered by gavage, in 1% methylcdlulose, to F344 Sprague-Dawley (SD), and
Long Evans (LE) rats at 0, 25, 50, 100, or 200 mg/kg/d on gestation days 6 through 10. The dams were
dlowed to ddiver and litters were examined postnatally. The F344 strain was the most senditive to
atrazine seffects onpregnancy, showingfull-litter resorption(FLR) at $50 mg/kg. Insurviving F344 litters,
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prenatal losswasincreased at 200 mg/kg. In SD and LE rats, FLR occurred only at 200 mg/kg. Delayed
parturitionwas seenat $100 mg/kgin F344 and SD rats. Regarding maternd toxicity, the SD damswere
the mogt sendtive, with weight loss at $25 mg/kg. When 200 mg/kg was administered to F344 rats on
days 11 through 15 (after the LH-dependent period of pregnancy), no FLR was seen.  These findings
suggest that atrazine-induced FLR is maternaly mediated, and consistent with loss of LH support of the
corporalutea.

Laws, S.C., Feardl, JM., Stoker, T.E., Schmid, J., and Cooper, R.L. (2000). The effect
of arazine on puberty in femde Widar rats. an evauation in the protocol for the
assessment of pubertal development and thyroid function. Tox. ci. 58 (2): 366-76. MRID
not yet assgned.

The effects of arazine (ATR), a chlorotriazine herbicide, on the onset of puberty were evauated
inWidar rats. Female rats were dosed by ord gavage from postnata day (PND) 22 through PND 41
with 0, 12.5, 25, 50, 100 or 200 mg ATR /kg. Vagind opening (VO) wassgnificantly delayed 3.4, 4.5
or greater than 6.8 days by 50, 100 and 200 mg/kg, respectively. VO did not occur in 4 of 15 femdes
inthe 200 mg/kggroup by the time of necropsy (PND 41). Body weight (BWT) a necropsy wasreduced
in the 200 mg/kg group by 11.6%, but was not different from the control (0) in the 50 and 100 mg/kg
groups. To examine the influence of reduced BWT on puberta development, a group of pair-fed
controls was induded whose daily food intake was dependent upon the amount consumed by their
counterpart in the 200 mg/kg group.  Although necropsy BWT was reduced to the same extent as the
ATR femdes, VO in the pair-fed controls was not sgnificantly delayed. Adrend, kidney, pituitary, ovary
and uterine weights werereduced by 200 mg/kg ATR. Serum T3, T4 and TSH were undtered by ATR
which were congstent with no histopathol ogic/morphologic changesin the thyroid. Estrous cydlicity was
monitored in a second group of femaesfrom VO - PND 149. The number of females digplaying regular
4 or 5-day estrous cycles during the first 15-day interva after VO, waslower inthe 100 and 200 mg/kg
ATR and pair-fed controls. Irregular cycles were characterized by extended periodsof diestrus. By the
end of the second 15-day interva (PND 57-71), no effects on estrous cyclicity were observed. These
data show that ATR can delay the onset of puberty and ater estrous cydlicity in the femde Widtar rat (
NOAEL of 25 mg/kg). Reduced food consumption and BWT did not account for the delay in VO
because this effect was not observed in the pair-fed controls. In addition, the effect on estrous cydlicity
was observed in the 100 mg/kg ATR group where no significant reduction in BWT was observed.

Stoker, T.E., Laws, S.C., Guidici, D. and Cooper, R.L. (2000) The effect of arazine on
puberty in male Widter rats. An evauation in the protocol for the assessment of puberta
development and thyroid function. Toxicol. Sci. Nov. 58: 50-59.

Since arazine (ATR), achlorotriazine herbicide, has been shown previoudy to dter the secretion
of luteinizing hormone (LH) and prolactin (PRL) through adirect effect onthe CNS, we hypothesized that
exposure to ATR in the EDSTAC male pubertal protocol (juvenile to peripuberta) would dter the
development of the mde rat reproductive system. We dosed intact male Widtar rats from postnatal day
(PND) 23 to 53 and examined severa reproductive endpoints. ATR (0, 12.5, 25, 50, 100, 150 or 200
mg/kg) was administered by gavage and an additiond pair-fed group was added to compare the effects
of any decreased food consumption in the high dose group. Preputia separation (PPS) was sgnificantly
delayedinthe 12.5, 50, 100, 150 and 200 mg/kg ATR dose groups. PPSwasa so delayed in the pair-fed
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group, athough sgnificantly less than in the high dose ATR group. The maes were killed on PND 53 or
54 and pituitary, thyroid, testes, epididymides, semind vesicles, ventrd and |ateral prostateswereremoved.
ATR (50 to 200 mg/kg) treatment resulted in asgnificant reductioninventra prostate weights, as did the
pair-fed group. Testes weghts were unaffected by atrazine trestment. Semind vesicle and epididymal
weights were decreased in the high dose ATR group and the control pair-fed group. However, the
difference in epididymd weights was no longer sgnificantly different when body weight was entered as a
covariable. Intratesticular testosterone was significantly decreased in the high dose ATR group on PND
45, but apparent decreasesinserum testosterone were not satigicaly sgnificantly on PND 53, Therewas
atrend for adecrease in luteinizing hormone (LH) as the dose of ATR increased, however, dose group
mean LH were not different fromcontrols. Dueto thevariability of serum prolactin concentrationson PND
53, no sgnificat difference was identified. Although prolactin is involved in the maintenance of LH
receptors prior to puberty, we observed no difference in LH receptor number at PND 450r 53. Serum
estrone and estradiol showed dose-related increases that were significant only in the 200 mglkg ATR
group. No differences were observed in thyroid stimulating hormone (TSH) and thyroxine (T4) between
the ATR groups and the control, however tri-iodothyronine (T3) was el evated inthe highndose ATR group.
No differences in hormone levels were observed in the pair-fed animas. These resultsindicate that ATR
delays puberty in the male rat and its mode of action appears to be atering the secretion of steroids and
subsequent effects on the development of the reproductive tract, whichappear to be due to ATR’ s effects
on the CNS. Thus, ATR tested positive in the pubertal made screen that EDSTAC is conddering as an
optional screen for endocrine disrupters.

4.10 Toxicology data for major metabolites of atrazine

Metabolism of arazine can occur through hydrolytic deha ogenation at the 2 position of the s
triazine ring resulting in the formation of hydroxyatrazine. Dedkylation reections a the 4 and 6 positions -
ether inthe absence or presence of deha ogenation- may aso occur. Both plantsand animasare capable
of performing the dealkylation reactions. Hydroxyatrazine is the mgor metabolite in plants, but is only a
minor metabolite inanimas where the varying forms of the delkylated chlorometabolites dominateinstead.
The metabolism of arazine to hydroxyatrazine in plants is a detoxification reaction asthe phytotoxicity of
hydroxyatrazine is greetly reduced compared to the parent compound. Bacteriaare believed to be capable
of the dedkylation reactions that form the chlorometabolites of atrazine. Hydroxyatrazine and the
chlorometabolites can be found in both drinking water and the diet.

TheHED MetabolisnCommittee(October 17, 2000) has determined that for chronic dietary risk,
the residues of concern are parent and chlorometabolites compared to appropriate atrazine endpoints. A
separate chronic dietary risk assessment will be conducted for hydroxyatrazine metabolites compared to
the appropriate hydroxyatrazine endpoint. For acute dietary risk assessment the residues of concern are
the parent chlorometabolites compared to appropriate acute atrazine endpoints. A separate acute
assessment will not be conducted for hydroxyatrazine as HIARC did not sdect an acute RfD for
hydroxyatrazine. The three chlorometabolites of concernare diaminochlorotriazine, desisopropyl atrazine
, ahd dessthyl atrazine. A limited toxicology database is available for these three metabolites and these
dudiesaresummarizedbel owinsections 4.10.1, 4.10.2, and 4.10.3. A limited toxicology detabaseisaso
available for hydroxyatrazine and is shown below under section 4.10.4.

4.10.1 Diaminochlorotriazine metabolite (DACT) - 2-chloro-4-amino-6-amino s-triazine;
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didedkyl atrazine; G-28273

The DACT metabaliteisthetermina mammaianmetabolite of both atrazine and the closdy related
herbicide amazine. DACT is primarily amammaian metabolite but can also be produced in plants and
bacteria. DACT is produced through dealkylation of the isopropyl group a position 2 of the triazine ring
in arazine (dedkylationof the ethyl group at the 2 positionof the triazine ring in Smazine) and dealkylation
of the ethyl group at the 4 pogition of the triazinering in ether arazine or smazine. DACT isthe primary
metabolite produced in rats following atrazine trestment. It isthe mgor feca metaboliteinrats accounting
for 40% of the radioactivity found in feces following exposure by oral gavage. DACT is dso the mgor
urinary metabolite in rats accounting for 26% of the total administered dose fallowing exposure by oral

gavage.
870.3100 - Subchronic oral toxicity in rats

Groups of 15 mde and 15 femde CD Sprague-Dawley rats were fed diets containing
diaminochloratriazine (G-28273) (purity 98.2%) at concentrations of 0, 10, 100, 250, or 500 ppmfor 13
weeks (MRID 43013207). The average consumption of test materia was 0.7, 6.7, 16.7, or 34.1
mg/kg/day (males) and 0.7, 7.6, 19.7, or 40.2 mg/kg/day (femaes). All animals survived to study
termination. No treatment-related dlinica sgns of toxicity including ocular lesions were seen a any dose
level. At 500 ppm, mean body weights of mde rats were lower than controls during most of the study
period, decreasing to 87% of controls at week 12. Body weight gainat week 12 was 82% of controls for
maes recaiving 500 ppm, and 85% and 83% of controls for females receiving 250 and 500 ppm,
respectively. No trestment-related effects on body weight or body weight gain were seen at the lower
dosesin ether sex. Food consumption was not affected by adminigtration of thetest materia. Therewere
no biologicaly sgnificant effects onhematology, dinicd chemidry, urinalysis, and gross or histopathology
a any dose levd. Although severd organ weight changes were observed, there were no histologic or
functional corrdates. Estrous cyde dataindicated a treatment-related effect at doses of $100 ppm. The
effects, generally more pronounced on days 70-85 than on days 14-28 and 42-56, included lengthening
of the estrus cycle and/or an increased incidence of rats exhibiting cycles with persstent estrus and/or
diestrus. There were no gpparent effects on serum leves of estradiol, progesterone, prolactin, and
corticosterone.

TheLOAEL is7.6 mg/kg/day based on estrouscycle effectsin femalerats. The NOAEL is0.7
mg/kg/day.

Classfication: Thisstudy isclassfied as Acceptable-Guideline and satisfiestheguiddine requirementsfor
a subchronic dietary toxicity study (870.3100) in rats.



870.3150 and 870.4100 - Subchronic and chronic oral toxicity in dogs

Diaminochlorotriazine was fed to mae and femde dogs at dietary levels of 0,5,100, or 1500 ppm
for 13 or 52 weeks (MRID 41392401). Becauseof saveretoxicity at the highest dose, which was evident
after 6 weeks of trestment, the high-dose dogs were fed adiet containing 750 ppm. Femaestolerated this
dose leve and received 750 ppm until termination at 13 or 52 weeks, or through 13 weeks followed by
a 39-week recovery period. Since maes continued to exhibit signs of toxicity a 750 ppm, they were fed
untreated diet for 9 weeks through 13. Four mde dogs were then placed again on adiet containing 750
ppm until termination a 52 weeks.

The mean daily doses for male dogs recelving digtary levels of 5, 100, and 1500/750 ppm for 52 weeks
were 0.187, 3.61, and 24.1 mg/kg/day, While the doses were 0.195, 3.43, and 32.7 mg/kg/day for
femdes recaiving the same dietary levels. Among the high-dose dogs, five maes and two femades were
sacrificed moribund during thetreatment period. Moribundity wasattri buted toimpairment of heart function,
the primary treatment-related effect of Diaminochlorotriazine, which was accompanied by severd dinica
and pathologica changes. Pathologica cardiac findings included enlargement, softness, thickened valves,
lesions, distension, red/dark color, thrombosis, chronic myocarditis, necross, inflammation, hemorrhage,
and hemosiderosis. Secondary treatment-related changes in the high-dose animas were seen in the liver
(enlargement, congestion, centrilobular fibrosiSatrophy, bilestasis, necrosis, hemosideross, red/dark color,
lesons, adhesons, mottling, and rough texture); testes (hypospermatogeness and hypospermia); thymus
(atrophy); bone marrow (hyperplasia); and pericardium, thoracic, and abdomind cavities (fluid
accumulation). Recovery femdesdid not exhibit any clinica ophthamologica sgnsof cardiacimparment.
Other effects at the high dose included decreased body weight gains in maes and femaes dosed for 6
weeks; increased mean spleen, liver, and kidney weights, anemia with accompanying reticulocytoss (a
reversble effect); decreasesinadbumin, cadcdumand total cholesterol levels, nonggnificant increaseinlactic
acid dehydrogenase activity ; and elevations of platdet levels. High-dose maes continued to lose weight
when the dose was lowered to 750 ppm. Severe anemiawithreticulocytoss was noted in only one of the
two recovery femaes. The effects of diaminochlorotriazine on cholesterol levels and erythroid parameters
were reversble as were noted in dmogt dl animas of both sexes and beginning at week 6 and extending
until week 14. No adverse effects were observed at dietary levels of 5 or 100 ppm. Although there was
gppreciable mortaity at the highest dose of 1500 ppm, a sufficient number of anima were at risk toevauate
histopathology. Administration of dietary levelsof $ 750 ppm to dogs is associ ated with symptomatology
of cardiac impairment.

The LOAEL is24.1 mg/kg/day based on cardiac effects. The NOAEL is 3.43 mg/kg/day.

Thisstudy is classified as Acceptable-Guideline and satifies the guiddine requirementsfor asubchronic
dietary toxicity study (870.3150) and aso a chronic dietary toxicity sudy (870.4100) in dogs.

870.3700 - Developmental toxicity in rats
In a developmentd toxicity study (MRID 41392402) diaminochlorotriazine, 98.2 % ai. was
adminigeredto 130 Sprague-Dawley females, 26/dose, by gavage at doselevdsof 0, 2.5, 25, 75 or 150

mg/kg/day fromdays 6 through 16 of gestation. Animas were sacrificed and uteri removed for evauation
on gestation day 20.
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Maternal body weight gain for the 20 day gestation period was reduced 33.2% (p# 0.05), compared to
controls, at 150 mg/kg/day. Body weght gain during the dosing period was reduced 27.9% (not Sgnificant)
and 71% (p# 0.05) at the 75 and 150 mg/kg/day groups, respectively, compared to controls. Food
consumption for the 20 day gestation was reduced by 21.1% (p# 0.05), compared to controls, at 150
mg/kg/day. Body weght gains and food consumptionwere not affected at any other dose group compared
to control. There were no trestment-related effects in mortdity or clinica signsin any dose group.

The maternal LOAEL is 75 mg/kg/day, based on decr eased body weight gain duringdosing. The
maternal NOAEL is 25 mg/kg/day.

Resorptions per dam were increased from 0.8 in controls to 2.6 (p# 0.05) in the 150 mg/kg/day group.
Postimpl antationlosswasincreased from5.6%incontrolsto 18.9% (p# 0.05)in the 150 mg/kg/day group.
Gravid uterine weight per dam was decreased from 72.3 grams in the controls to 55.9 grams (p# 0.05)
at 150 mg/kg/day. M eanfetal weightswere reduced 19.1% and 18.5% inmaesand femaes, respectively,
at the 150 mg/kg/day dose group compared to controls (p# 0.05 for both). Mean fetd weights were
reduced 9% and 7.9% for maesand femaes, respectively a the 75 mg/kg/day group (p# 0.05 for both).
Absent rend papilla were seen in 22% of the 150 mg/kg/day fetuses compared to 3.3% of the control
fetuses (p# 0.05). Pitted kidneys were seenin4.8% of the 150 mg/kg/day fetuses and in0% of the control
fetuses (p# 0.05). When evauated using ether the fetus or the litter as the experimental unit, skeletd
examinationsreved ed gatisticaly sgnificant (p# 0.05) increasesinincomplete ossification of several bones
in both the 75 and 150 mg/kg/day dose groups compared to controls. At 25 mg/kg/day there were
sgnificant (p# 0.05) increases, compared to controls, of fetuses with incompletely ossification of these
three bones only: interparietals (18.1% vs 35%); incompletely ossfied parietas (3.4% vs 10.6%); and,
unossified hyoids (4.7% vs 15.3%). The increases were aso sgnificant (p# 0.05) at 25 mg/kg/day for
these three findings when the litter was used as the experimenta unit.

The developmental LOAEL is 25 mg/kg/day, based on increases in incidences of incompletely
ossified parietals, interparietals and unossified hyoids. The developmental NOAEL is 2.5

mg/kg/day.

The developmenta toxicity study in the rat is dassfied Acceptable-Guideline and does satisy the
guideline requirement for a developmenta toxicity study (OPPTS 870.3700) in the rt.

870.5100 Bacterial Reverse Mutation

In replicate (separate) trias, the atrazine metabolite diaminochlorotriazine (DACT, 97.0%) faled
to induce reverse mutation (as evidenced by no increase over controlsin revertant colony counts) inAmes
testing at concentrations up to 5000 : g/0.1 mL, at which dose precipitation of compound occurred. This
sudy is classfied Acceptable-Guiddine (MRID 40722302).
870.5550 UDS Assay

The arazine metabolite diaminochloratriazine (DACT, 97.0%) did not induce unscheduled DNA

gynthesisincdls of the human fibroblast cell CRL 1521 exposed to concentrations resulting incompound
precipitation (400 to 600 - g/mL), but only in the absence of a metabalic activation system (assay without
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activation was not performed). This study is classfied Acceptable-nonguideline (MRID 40722303).

4.10.2 G-28279 metabalite -2-chloro-4-(ethylamino)-6-(amino) striazine, ethylatrazine;
deisopropyl atrazine

Desisopropyl atrazine is a metabolite of both atrazine and smazine. Desisopropyl atrazine is
primarily amammadian metabolite but can aso be produced in plants and bacteria.  Dedlkylation of the
isopropyl group from the 2 postion of the triazine ring in arazine or Smazine yidds desisopropyl
arazine/'smazine.

870.3100 - Subchronic oral toxicity in rats

In a90 day study (MRID 43013205) groupsof 10 mde and 10 female RAIf(SPF) rats were fed
dietscontaining G-28279technical (purity 96.7%; Lot #FL-901747) at concentrations of 0, 10, 50, or 500
ppmfor 13 weeks. The average consumption of test materia was0.602, 3.20, or 34.9 mg/kg/day (males)
and 0.641, 3.34, or 37.5 mg/kg (femdes). All animassurvived to study termination. No treatment-related
clinica 9gns or ocular lesons were seen a any dose level. At 10 ppm, there were no effects on body
weight, dinical chemistry parameters, hematologic vaues, or organ weights, nor were macroscopic or
histopathologic changes observed. Slightly decreased body weights and body weight gains were seenin
maesadministered 50 or 500 ppmof the test materid. At week 13, the body weights of maeswere 93%
and 88% of control vaues at 50 and 500 ppm, respectively, and the body weight gains were 96, 90, or
84% of control valuesat 10, 50, or 500 ppm, respectively. For femalerats exposed to 500 ppm, the body
weightswere 9-12% bel ow those of controls fromtreatment week 2 to 13, and the meanbody weght gain
was 80% of controls at the end of the trestment period. Food consumption was not sgnificantly affected
by treetment with G-28279 technica. Organ weight changes (absolute and relative to body weight) in
males at 500 ppm included increased rdaive kidney weights (14% above control vaues), decreased
absolute heart weights (-10%), increased rddive testes weghts (+21%), and increased relative brain
weights (+18%). Inthe absence of histopathol ogic lesonsin the corresponding organs, these organ weight
changes are of uncertain toxicologica sgnificance and may not be trestment-related. Increased relative
liver waights (+13%) and extramedullary hematopoiessof theliver seeninfemderatsat 500 ppmindicate
dight hepatotoxicity. Minima to moderate fatty changes of adrenal cortex and dight hypertrophy of the
thyroid follicular epithelium in maes a 500 ppm suggest trestment-rdlated effects.  Additiondly,
extramedullary hematopoiesis of the spleen in femaes at 500 ppm and hypertrophy of pituitary cdls in
males at 500 ppm may suggest treatment related effects.

TheLOAEL is 3.3 mg/kg/day, based on decreased body weights and body weight gainsin both
sexes. The corresponding NOAEL is0.6 mg/kg/day.

Classfication: This study is classfied as Acceptable-Guideline and satidfiestheguiddine requirementsfor
asubchronic dietary toxicity study (870.3100) inrats.

870.3150 - Subchronic oral toxicity in dogs

Inasubchronic study (MRID 43013203) mae and femae beagle dogs(four/sex/group) werefed
diets containing 0,15,100, 500, or 1000 ppm G-28279 technicd for at least 14 weeks (equivaent to
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compound intakes of 0, 0.6, 3.8, 18.9, and 33.4 mg/kg/day for male dogs, and 0.6, 3.8, 18.0, and 33.3
mg/kg/day for femde dogs).

Male dogsin the 1000-ppm and femal e dogs inthe 500-ppmand 1000-ppm groups exhibited significant
decreases in food consumption and decreased body weght gain relative to controls and to respective
basdine vaues. M eanfood efficiency was negative in mae dogs of the 1000-ppm and femae dogs of the
500-ppm and 1000-ppm groups. Clinica chemidry, hematology, and urinadysis data showed dterations
that were of sporadic or intermittent occurrence, were not dose-related, and were not sustained for any
period of time. Gross and histopathological examinations reveded no trestment-related findings. A
datigticaly sgnificant decreasein meanabsolute and mean relaive (to brain) heart weight were observed
for the 500-ppm and 1000-ppm mae dogs but there were no histopathologic or functiona (EKG)
correlates indicating myocardia toxicity. Although the study authors attributed the dterations in heart
weight to be secondary to inanition, the significant decrease (17% in the 500-ppm group, 0.01<p<0.05;
25% in the 1000-ppm group, p#0.01) in mean relative (to brain) heart weight may be indicative of a
treatment-related effect. Similar findings were noted for organ-to-brain weight vaues for testes and
prostate glands in the 500-ppm and 1000-ppm dogs. Two dogs (litter mates) were found to be anemic
but the condition was not considered to be related to test article exposure. Although most of the observed
effects may be secondary to inanition, the decreased organ-to brain weight ratios for the heart, testes, and
prostate gland, and the negative food efficiency observed in dogs exposed to dietary G-28279 at
concentrations of 500 or 1000 ppm are indicative of marginaly toxic effects.

The LOAEL is18.9 mg/kg/day based on decreased food consumption, body weight and heart
weight (relativeto brain weight). The NOAEL is3.8 mg/kg/day. .

Thisstudy is classfied as Acceptable- Guiddine and satisfiesthe guiddine requirementsfor a subchronic
feeding study (870.3150) in dogs.

870.3700 - Developmental toxicity in rats

In a developmenta toxicity study (MRID 43013208), 24 Tif: RAI rats per group received G-
28279 technicad by gavage on gestationa days (GDs) 6-15, inclusive, a dose levels of 0, 5, 25, or 100
mg/kg/day. Aqueous corn starch (3%) served asthe control substance and vehide for the test mixture.

Maternd toxicitywas observed at 25 and 100 mg/kg/day ina dose-rel ated manner as evidenced by effects
on body weight/weight gain and food consumption. Body weights were significantly decreased at 25
mg/kg/day on GDs 9 and 13 (96% of control) and at 100 mg/kg/day on GD 7 through GD 18 (93% of
control). Weight gainswere decreased on GDs6-11 at 25 mg/kg/day (73% of control, nonsignificant) and
at 100 mg/kg/day (30% of control, sgnificant) and on GDs 11-16 at 100 mg/kg/day (89% of contral,
nonsgnificant). Corrected weight gain was significantly decreased at 100 mg/kg/day (55% of control).
Food consumptionwas dgnificantly decreased on GDs 6-11 at 25 mg/kg/day (91% of control) and at 100
mg/kg/day (70% of contral).

The maternal toxicity LOAEL is 25 mg/kg/day based on decreased body weight and food
consumption. The NOAEL is5 mg/kg/day.
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Developmentd toxicity was observed at 25 and 100 mg/kg/day as evidenced by effects on skeleta
development. Fetd and litter incidences of fused sternebrae 1 and 2 were significantly increased at both
these dose levels, while fetal incidences only at 100 mg/kg/day of poor ossfication in sternebrae 2 and
absent ossfication in severd digits were aso increased Sgnificantly.

The developmental toxicity is 25 mg/kg/day basedonincr easedfetal andlitterincidencesof fused
sternebrae. The NOAEL is5 mg/kg/day.

This study is dassfied as Acceptable-Guiddine and satidfies the guiddine requirements for a
developmenta study (870.3700) in rats.

870.5100 Bacterial Reverse Mutation Assay

The drazine metabolite G-28279 (97.4%) was negative for indudng genetic reversions at the
hitidine locus in the Ames battery of Salmonella typhimurium or tryptophan prototrophy in Escheria
coli WP2uvrA, when tested up to the limit dose of 5000 : g/plate. This study is classfied Acceptable-
Guiddine (MRID 43093101).

870.5385 Mammalian Bone Marrow Chromosome Aberration Test

The atrazine metabolite G-28279 (97.4%) was reported negative for the inductionof micronuclel
in polychromatic erythrocytes of Tif:MAGF mice treated ordly at Sngle doses up to dinicaly (but not
cytologicdly) toxic levds (MTD = 480 mg/kg). This study is classfied Acceptable-Guiddine
(43093103).

870.5550 UDS Assay

The arazine metabolite G-28279 (97.4%) was negative for inducing unscheduled DNA synthesis
in primary rat hepatocyte cultures up to cytotoxic concentrations (800 = g/mL). This study is classfied
Acceptable-Guideine (43093105).

4.10.3 G-30033 metabolite -2-chloro-4-amino-6-(isopropylamino) s-triazine; deethyl atrazine;
isopropy! atrazine.

Degthyl drazine is a metabolite of atrazine, but not Smazine . Deethyl arazine is primarily a
mammalian metabolite but can dso be produced in plants and bacteria  Dedkylation of the ethyl group
from the 4 position of the triazine ring yields deethyl arazine.

870.3100 - Subchronic oral toxicity in rats

Inasubchronic study (MRID 43013206) G-30033 Technical, a metabolite of atrazine was given
in the diet to four groupsof 10 mde and 10 femae RAIf (SPF) ratsat aconcentrationof O, 10, 50, or 500
ppm for 13-weeks. The doses were equivadent to an average dose of 0.68, 3.2, and 35.1 mg/kg body
weight/day or 0.72, 3.3, and 38.1 mg/kg body weight/day for mae and femde rats, respectively. The only
treatment-related effects reported include: a decrease in the body weight of high dose femde rats and a
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decrease in the food efficiency of high-dose made and femaerats.

The LOAEL is 35.1 mg/kg/day based on decreased body weight and food efficiency. The
NOAEL is3.2 mg/kg/day.

This study is classfied as Acceptable-Guiddine and sisfies the guiddine (870.3100)
requirements for a subchronic ord study in rats.

870.3150 - Subchronic oral toxicity in dogs

In a subchronic study (MRID 43013203) Beagle dogs were divided into four groups, each
containing four maes and four femaes, and given diets containing 0, 15, 100, or 1000 ppm G-30033
(equivdent to 0, 0.56, 3.71, or 28.85 mg/kg/day for males and 0, 0.51, 3.88, and 32.18 mg/kg/day for
femaes) for 13 weeks. Dietary exposure did not induce mortdity, clinica signs of toxicity, ocular toxicity,
or effectsdetectable inthe urine. Treatment Significantly decreased theweight gain of maeand femaedogs
in the 1000 ppmgroup, however, the effect was attributed to inanitionas aresult of food paatability rather
than an effect induced by the test materia. The test material induced rend tubular hyperplasialbasophilia
in3/4 mde and 2/4 femde dogs inthe 1000 ppmtrestment group. Margina threshold effectsfoundinmae
and female dogs fed diets containing 1000 ppm test materia include: decreased absolute and relative (to
brain) heart weights, normocytic/normochromic anemia, paroxysmd atrid fibrillation, and right atrid wall
hemorrhagic inflammationwithangiomatous hyperplasa. The margind threshold effects may berelated to
G-30033 treatment, however without the use of pair-fed control dogs, they can not be separated from
effects induced by inanition.

The LOAEL for male and female dogsis 30 mg/kg/day based on renal tubular hyperplasa. The
NOAEL is 3.8 mg/kg/day.

Classification: Thisstudy is classfied as Acceptable-Guiddine and sttisfiesthe guiddine requirements
for a subchronic feeding study (870.3150) in beagle dogs.

870.3700 - Developmental toxicity in rats

I nadevel opmental toxicity study (MRID 43013209) 24 Tif: RAI rats per group received G-30033
technical by gavage ongestationa days (GDs) 6-15, indusve, at doseleves of 0, 5, 25, or 100 mg/kg/day.
Aqueous corn starch (3%) served as the control substance and vehicle for the test mixture.

Maternal toxicity was observed at 25 and 100 mg/kg/day inadose-rel ated manner as evidenced by effects
on body weight/weight gain and food consumption. Body weights were significantly decreased at 100
mg/kg/day (94% of control) on GD 7 through GD 20. Weight gains were Sgnificantly decreased on GDs
6-11 at 25 mg/kg/day (83% of control) and a 100 mg/kg/day (41% of control) and on GDs 11-16 at
100 mg/kg/day (87% of contral). Corrected weight gains werenon-sgnificantly decreased at 25 mg/kg/day
(73% of control) and at 100 mg/kg/day (80% of control). Food consumptionwas Sgnificantly decreased
on GDs 6-11 at 25 mg/kg/day (91% of control) and at 100 mg/kg/day (70% of control).

The maternal toxicity LOAEL is 25 mg/kg/day based on decreased body weight gain and food
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consumption. The NOAEL is5 mg/kg/day.

Developmenta toxicity was observed at 100 mg/kg/day as evidenced by effectsonskeletal devel opment.
Fetd and litter incidences of fused sternebrae 1 and 2 were Sgnificantly increased at 100 mg/kg/day and
the fetd incidence of poor ossfication of the proxima phaanx of posterior digit 5 (askeletd variation) at
100 mg/kg/day was aso increased sgnificantly.

The LOAEL for developmental toxicity and 100 mg/kg/day based on increased fetal and litter
incidencesof fused sternebrae and increased fetal incidence of poor ossification of the proximal
phalanx of posterior digit 5. The NOAEL is 25 mg/kg/day.

This study is classfied as Acceptable-Guideiine and satidfies the guiddine requirements for a
developmentd study (870.3700) in rats.

870.5100 Bacterial Reverse Mutation Assay

The arazine metabolite G-30033 (99.3%) was negative for inducing reverse gene mutationat the
higidine locus of Salmonella typimurium and for the tryptophanlocus in Escheria coli whentested to the
limit dose, 5000 : g/plate. This study is classfied Acceptable-Guideline (MRID 43093102).

870.5385 Mammalian Bone Marrow Chromosome Aberration Test

The arazine metabolite G-30033 (99.3%) was reportedly negetive for induction of micronucle in
the PCE of Tif:MAGF mice trested once ordly up to dinicaly (but not cytologicdly) toxic doses (MTD
=480 mg/kg). Thisstudy isclassfied Acceptable-Guideline (MRID 43093104).

870.5550 UDS Assay

The arazine metabolite G-30033 (99.3%) was negativefor inducing unscheduled DNA synthesis
in primary rat hepatocyte cultures exposed up to cytotoxic concentrations (1000 = g/mL). This study is
classfied Acceptable-Guideline (MRID 43093106).

4.10.4 Hydroxyatrazine - 2- hydroxy - 4(ethylamino)- 6(isopropylamino) - s- triazine

Hydroxyatrazine isametabolite of both atrazine and Smazine. Hydroxyatrazine is primarily aplant
metabolite but can dso be produced in mammals and bacteria.  Hydroxyatrazine is produced by
dehd ogenation of the chlorine from the triazine ring of either arazine or smazine. Dedkylation reactions
preceding or following the deha ogenationalow for the production of diamino, desisopropyl, and deethyl
hydroxyatrazine or hydroxysmazine.

870.3100 - Subchronic oral toxicity in rats
In a subchronic toxicity sudy (MRID 41293501) hydroxyatrazine (97.1% ) was administered

to 150 Sprague-Dawley rats, 15/sex/dosein the diet at dose levelsof 0, 10, 100, 300 and 600 ppm (O,
0.64, 6.3, 18.89 and 37.47 mg/k/g/day for mdes and 0, 0.75, 7.35, 22.75 and 45.64 mg/kg/day for
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femaes).

With the exception of kidney dterations, most of the adverse effects of hydroxyatrazine exposure were
limited to the high dose group. Body weights were non-significantly reduced in both sexes at the highdose
only (7% reductioncompared to controls inmaesand 5% reductioninfemales). Percent body weight gain
was sggnificantly decreased in bothsexesat the high dose only (14.4% decrease compared to controlsin
males and 13.6% in femdes). Food consumption was significantly decreased in maesonly and only a a
few sdlected timepoints. Hematocrit and erythrocyte counts were significantly depressed in both sexes at
the highdose only (-7.2% and 7.6% in malesand femal esrespectively for hematocrit and -5.4% and 4.4%
for maesand femaesrespectively for red blood cell counts). Hemoglobin was aso sgnificantly decreased
in high dose maes only (-6.4% compared to controls). Serum blood urea nitrogen was significantly
increased in both sexes at the high dose only (+76% in maes, +79.6% in femaes) as was credtinine
(+38% in both sexes) sodium (+1.4% in maes, +0.7% in femdes) and chloride (+2% in maes, + 2.9%
in femdes). Urine volume was sgnificantly increased in both sexes a the high dose (+227% in maes and
+147% infemaescompared to controls). Urinevolumewasaso sgnificantly increasedinmaesinthe 300
ppmgroup (+38% compared to controls). Kidney weights- absolutely and relativeto both body and brain
weight - were significantly increased in both sexes a the high dose only. Kidney weights relative to body
weight were increased 44% in males and 45% in females compared to controls.

Kidney dterations at both gross necropsy and at histopatholgy were seen in both the 300 and 600 ppm
dose groups. Toxic nephrogs classfied as"minimd"” was seenin 7 of 15 malesand 11 of 15 femdesat 300
ppm. Toxic nephrossclassified as severe was see dl animds of both sexes at the high dose. Tubule crystds
were seen in 10 of 15 malesand 11 of 15 females at the high dose.

There were no compound- related effects in mortality, clinical signs, or ophthamology in either sex a any
dose.

TheLOAEL is 21 mg/kg/day based on kidney alterations. The NOAEL is 6.8 mg/kg/day.

This subchronic toxicity study is cdassfied Acceptable-Guiddine and does satisfy the guiddine
requirement for a subchronic ora study (870.3100) in therat.

870.3700 - Developmental toxicity in rats

In a developmenta toxicity study (MRID 41065202) hydroxyatrazine, 97.6% a.i., was
adminigered to 104 Sprague-Dawley females 26/dose by gavage at dose levels of O, 5, 25, or 125
mg/kg/day from days 6 through 15 of gestation.

There were no maternd deaths in this study. Two of the 22 pregnant femaesin the high dose group had
enlarged, mottled kidneys, findingswhichwerenot seeninany other anima and are considered compound-
related. Food consumptionwassgnificantly decreased (8.7%; p<0.05), at the high dose group only, during
the6-16 day dosing period. Body weght and body weight gain were undtered by atrazinetreatment. There
were no dinicd 9gns attributable to compound exposure. There were no dterationsin cesarean section
parameters in dose groups vs controls.
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The maternal LOAEL is125mg/kg/day, based on decr eased food consumption during the dosing
period and enlarged and mottled kidneys. The maternal NOAEL is 25 mg/kg/day.

Fetal death and resorptions were not atered by compound exposure. The high dose group only displayed
increasesin partidly ossfied interparietals (control fetal/litter incidence of 20%/56% vs high dose fetd/litter
of 44%/91%); partidly ossfied hyoid (control feta/litter 6%4/20%, vs 17%/55%). Mean mae and femde
fetal body weight at the high dose was significantly (p<0.05) reduced compared to controls (Control
maefemde body weight 3.6/3.4 grams vs madefemde highdose 3.5/3.3 grams. Therewere no increases
in any viscerd findingsin dosed fetuses.

The developmental LOAEL is 125 mg/kg/day, based onincreased incidence of partially ossified
inter parietal and hyoid bonesand decr easedfetal body weight. The developmental NOAEL is25

mg/kg/day.

The developmenta toxicity study in the rat is dassfied Acceptable-Guideline and does satisy the
guiddine requirement for a developmentd toxicity study (OPPTS 870.3700; §83-3a) in the rat.

870.4100 (870.4300) Chronic Toxicity — Rat

Ina2-year combined chronic feeding/carcinogenicity study (MRID 43532001), G-34048tecmicd
(hydroxyatrazine) of 97.1% purity was administered in the diet to groups of 70 or 80 male and 70 or 80
femde Crl:CD (SD) BR drain rats a dose levels of 0 (control), 10, 25, 200 or 400 ppm (equivaent to O,
0.388, 0.962, 7.75, or 17.4 mg/kg/day in males and to O, 0.475, 1,17, 9.35, or 22.3 mg/kg/day in
females). Ten or 20 rats/sex/group were sacrificed a 12 months; the remaining 60 animas in each group
were scheduled to be sacrificed at 24 months. Due to high mortality in the 400 ppm group, however, the
aurviving maes and femaesin the 400 ppm group were sacrificed a 18 months. Mortdity, clinica Sgns
of toxicity, body weights, food consumption and water consumption were monitored. Ophthalmologic
examinations were performed. Hematological examinations, dinica chemidries and urindyss were aso
performed. Necropsy examingions were conducted on dl animas and organ weight determinations were
made on dl animds sacrificed at 12, 18, 24 months. Histopathological examinations were made on a
complete set of organs/tissues from al animas inthe control, 200 and 400 ppm groups. Histopathological
examinations were aso performed on alimited set of organs/tissues from the 10 and 25 ppm groups.

At 400 ppm, an excessive treatment-related mortality was observed for both maes and females and this
dose level wasterminated at 18 months. Severe rend falurewas the predominant cause of death for these
animas Prior to death or sacrifice, theseanimas exhibited emaciation, dehydrated bodies, pallor and other
clinica 9gns of toxicity expected inanimas withsevererend falure. Greetly decreased body weights, body
weight gains and food consumption were observed in these animas throughout the study (to 18 months).
Water consumption was increased during the first year of the study. Changes in hematology parameters
(induding anemia), in dinicd chemidries parameters (indicating rend disturbances) and in urindyss
parameters (including crystaline materid in urine samples) were observed in400 ppmmales and femaes.
Grossnecropsies, organ weights and histopatholgy indicated that kidney and lower urinary tract werethe
primary target organs inboth maesands femaesat 400 ppm. Kidney effectsincluded discoloration, calculi
and rough pitted surfaces seen at gross necropsy; increased kidney weights, and severe histopathological
changesinduding deposition of crysdline materia within collecting ducts and rend pelvises, cdculi, other
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morphological changes and accelerated chronic progressive nephropathy. In addition, secondary effects
in extrarend tissues reflected the severe rend damage and resulting rend failure in these animals.

At 200 ppm, smilar but less severe gross and histopathological effects on the kidneys were observed in
both maes and females. Secondary effectsin extrarend tissues were generally not observed at this dose
level. At 25 ppm, notreatment-rel ated effectswere observed inether mae or femde rats. Anaccumulation
of interditid matrix in the papilla of the kidneys of femde rats was observed at this dose levd, but the
toxicologic sgnificance of this observation, in the absence of any other sgns of rend damage or impaired
rend function, was highly questionable.

A treatment-related increased incidence of tumors of any type was not observed in the treated mae or
femde animdsin this sudy. In particular, there was no increase above control levels in the incidence of
mammary gland tumorsin either males or femaes. In addition, onset times for mammary gland tumorsin
female rats were not decreased in this study.

The LOAEL is8.7 mg/kg/day based ongrossand histopathological effectsin the kidneys. The
NOAEL 1.0 mg/kg/day.

Thisstudy is classfied as Acceptable-Guideine and does stisfy the 870.4300 guiddine requirement for
acombined chronic/carcinogenicity toxicity study.

870.5100 Bacterial Reverse Mutation Assay

The arazine metabolite hydroxyatrazine (99% purity) faled to induce reverse mutetion (as
evidenced by no increase over controlsin revertant colony counts) in Ames testing at concentrations up
to the limit dose of 5000 = g/0.1 mL. Thisstudy isclassified Acceptable-Guideline (MRID 40722304).
870.5385 Mammalian Bone Marrow Chromosome Aberration Test

The atrazine metabolite hydroxyatrazine (99% purity) did not induce an increase in micronucle in
mice fed concentrations up to the limit dose of 5000 mg/mL. This study is classified Acceptable-
Guiddine (MRID 41479401).
870.5550 Other genetic effects

The atrazine metabolite hydroxyatrazine (96-99% purity) was negative for inducing unscheduled
DNA synthessinprimary rat hepatocytes up to and beyond precipitating concentrations (> 500 = g/mL).
Thisdudy is dassfied Acceptable-guideine (MRID 40422305).
870.5550 Other genetic effects

The atrazine metabolite hydroxyatrazine (96-99% purity) was negative for inducing unscheduled

DNA synthesisin human fibroblasts (CRL 1521) up to and beyond precipitating concentrations (> 500
- g/mL). Thisstudy is dassfied Acceptable-guideline (MRID 40888101).
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5.0 TOXICITY ENDPOINT SELECTION

5.1 See Section 8.2 for endpoint selection table
5.2 Dermal Absorption

The maximum percentage of atrazine absorbed in therat study after a 10 hr (representative of a
typica workday) exposure was 21.6% (rounded up to 22%). The maximum percent absorbed after any
durationof exposure, inthe humandermal penetration study described above under section4.8, was 5.6%
(rounded up to 6%). Because the maximum percent absorbed is being used and because an ampleamount
of time (168 hours) was dlowed for absorption to occur, 6% is deemed to be a protective estimate of
dermd penetration in the human.

Because both rat and human derma absorption studies are available, a "Rat: Human Dermal
Penetration Factor” can be caculated. The avalable data indicates that skin permegbility of atrazine is
lower in humans than in rats. To account for this species difference, derma NOAELs derived from rat
studies may be multiplied by a Rat: Humandermal penetrationfactor. The Rat: Human dermad penetration
factor is caculated by dividing the derma absorption in therat by the derma absorption in the human.

Rat: Human Derma Penetration Factor = 22 = 36
6

Thisfactor ismultiplied by the NOAEL for exposure scenariosin which endpoints from a derma
study are used. Exposure scenarios whose endpoints are derived from ord studies will use a 6% dermd
absorption factor.

5.3 Classification of Carcinogenic Potential
5.3.1 Conclusions

Numerous studies, both guideline studies and non-guideline studies submitted by the registrant as
wel as studies performed by EPA's NHEERL [described in this document] examine the carcinogenicity
and mode of action of atrazine. In a series of meetings [October 13, 1999, April 12, 2000, and October
19, 2000] held subsequent to the Fifth HED Cancer Peer Review Committee (CARC) of duly, 1996, the
CARC met to examine these studies. The data pertaining to atrazine's carcinogenicity and mode of action
were also examined by the FIFRA Science Advisory Pand (SAP) on June 271" to June 29", 2000. Both
the CARC and SAP agreed that arazine is associated withmammary and pituitary tumor formation in the
femae SD rat, but not in mae SD ratsor CD-1mice and F-344 rats of either sex. CARC and SAP dso
agreed that there are auffident data available to support a proposed mode of action (M OA) to account for
the tumors seenin SD femde rats and that this MOA would likely not result in carcinogenicity in humans.
Hypathdamic neurond - GnRH pulse modulationof pituitary releases of LH isa central driver of ovulation
in the SD femade rat, and atrazine is essentially accelerating the aging process of the CNS control of
ovulation, which leads to a congtant state of estrus (anovulation) and prolong exposure to estrogen and
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prolactin. Although there are certain Smilarities in the control of the hypothaamic-pituitary- ovarian axis
between humans and rats in that the hypathdamus can play a key regulatory role in primates, there are
fundamenta differences. For example, unlike the SD rat, CNS modulation is not the driving factor on
humanGnRH and LH releases. Human conditions of anovulationare associated withaberrant GnRH and
LH pulsttile releases. Evenif atrazineinduced anovulaionin humanslikeinthe SD rat, thereisno evidence
for the potential of an unopposed estrogen conditionthat would lead to tumor development. It appearsthat
when LH islow, such as in hypothdamic amenorrhea (HA), a state of low serum estrogen is found, not
elevated or prolong estrogen exposure. It should be noted that there is no known cancer risk associated
with HA patients, dbeit they are at risk to a number of other clinical conditions (e.g., osteopoross, heart
disease, infertility). Another condition of anovulation, polycystic ovarian syndrome (PCOS), isdso not a
good mode for atrazine cancer mode of action in SD rats. The etiology of PCOS is multifectoria, and LH
secretion is elevated due to increased synthesis of androgen and their conversion to estrogens. Although
arazine might cause adverse efects on hypothaamic-pituitary function in humans, the hormona
environment conducive to tumor development (i.e., elevated or prolonged exposure to estrogen or
prolactin) that isfound in SD rats cannot be established in humans. Therefore, it is unlikely thet atrazin€'s
mode of cancer action in SD rats is operative in humans.

5.3.2 Classfication Carcinogenic Potentid

It was the conclusion of the CARC [HED Document 014431; December 13, 2000 meeting] that
atrazine should be classified asa"Not Likely To Be Carcinogenic To Humans”.

Atrazine is associated with mammary and pituitary tumors in femae Sprague-Dawley (SD) rats, but not
in mde SD rats, or dther sex of Fischer 344 (F-344) rats or CD-1 mice. Mutagenic and estrogenic
activity do not appear to play asgnificant rolein atrazine-associated carcinogenicity. Biologicd plausibility
has been established for the mode of carcinogenic activity of atrazine. The rat cancer mode of action
(MOA) involvesa processcond sting of modul ationof the gonadotrophin releasing hormone (GnRH) pulse,
attenuationof pituitary releases of luteinizing hormone (LH), and ateration of ovulatory cycles, expressed
as congtant estrus, which leads to prolonged exposure of mammary and pituitary tissues to estrogen and
prolactin, and development of tumors in response to the prolonged hormone exposures. This MOA
essentidly accderates the normad aging process in femae SD rats. 1t would be expected to be operative
in other rat grains with a amilar reproductive aging process (eg. Long Evans and Widar). Although
arazine might cause adverse effects on hypothdamic-pituitary function in humans, the hormona
environment conducive to tumor development (i.e., elevated or prolonged exposure to estrogen and
prolactin) that isfound in SD ratsis not expected to occur inhumans. Instead, humans respond to reduced
LH by having reductions in estrogen and prolactin.  Although possible associations between atrazine
exposure and non-Hodgkins lymphoma (NHL) and ovarian cancer have been reported in a few
epidemiology sudies, there is no supporting evidence or a sound argument of biologicd plaughility thet
these cancers may result fromexposureto arazine. Also, thelack of multiple confirming sudiesindicates
that the humaninvestigations by themselves do not make a strong case for an association between arazine
exposure and human cancer.

5.3.3 Quantification of Carcinogenic Potentia

Not gpplicable as a@razineis classified asa"Not Likey To Be Carcinogenic To Humans'.
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6.0 FQPA CONSIDERATIONS

6.1 Special Sengtivity to Infantsand Children

There was no evidence of increased sengtivity/susceptibility in two rat and one rabbit devel opmental
toxicity sudies udng arazine or in a rat developmenta toxicity sudy usng deisopropyl arazine or ara
developmenta toxicity study using deethyl arazine. There was no evidence of increased
sengtivity/susceptibility in atwo-generation reproductionstudy usng atrazine, athough the available study
was performed usng the old guiddines, which do not provide for the measurement of parameters that
assessthe potential for neuroendocrine dterations. Therewasevidenceof increased senstivity/susceptibility
in a developmenta toxicity study usng DACT. In this study the maternd LOAEL/NOAEL was 75/25
mg/kg/day based ondecreased body weight gainduring dosing. The developmental LOAEL/NOAEL in
this study was 25/2.5 mg/kg/day based on increases in incidence of incompletely ossified parietals,
interparietals and unossified hyoids.

The hormond aterations described above under section’5.3.1 as being the MOA for atrazine-associated
carcinogenesis, would aso be expected to be associated with reproductivel developmenta toxicity.
Indeed, evidence of reproductive/developmentd toxicity is dso seen in studies performed by EPA's
NHEERL labs. Thesestudiesarediscussed aboveunder section4.9.5. Atrazineexposureto nursing dams
1-9 days falowing parturition, in NHEERL studies, was found to result in an increased incidence of
progtate inflammation in mae offsoring 120 days later. The NOAEL for this effect was 12.5 mg/kg/day.
Atrazine exposure to male and femde rats prior to puberty was found to delay the onset of puberty in both
sexes. The NOAEL for thiseffectinfemaeswas found to be 25 mg/kg/day and the NOAEL for maeswas
found to be 6.25 mg/kg/day.

HED is requesting that additionad research be peformed to further examine and characterize
reproductive/devel opmental effects associated withthe above-described M OA that may be resulting from
atrazine exposure.

HED isrequiringthat anew two-generationreproduction study usng DACT be performed so asto provide
confirmatory information further investigeting the apparent increased sengtivity/susceptibility seen in the
DACT rat developmentd toxicity study. This new study should be performed under the OPPTS Series
870.3800 guiddine and measurement of additiona parametersnot typicaly examined inthis type of study,
but relevant to atrazine's demonstrated neuroendocrine dterations, should be considered.

Because of the concerns arising fromthe NHEERL studies and the increased sengtivity/ susceptibility seen
inthe DACT study, the FQPA 10X safety factor was retained.

6.2 Recommendation for a Developmental Neur otoxicity Study

A developmentd toxicity study is not available and HIARC did not recommend that one be performed.
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8.0 APPENDICES

8.1 Toxicity Profile Summary Tables
8.1.1 Acute Toxicity Tablefor Atrazine

Acute Toxicity Dataof Technica Atrazine

GuidelineNo. | Test Results Tox. Cat.

870.1000 Ord LDg, - rat LDy, > 1,869 mg/kg (M& F combined) 1l

870.1200 Dermd LDy, - rat | LDsy > 2,000 mg/kg (M& F combined) "

870.1300 Inhalation LCx, - LCs, > 5.8 mg/L (M&F combined) vV
ret

870.1400 Eye Irritation - PIS=0.0/110 vV
rabbit

870.1500 Dermd Irritation- | PIS=0.2/8.0 v
rabbit

870.1600 Dermd Non-sengtizing
Sengtization -
guineapigs

870.6100 Acute Delayed Not Required
Neurotoxicity

P S=Primary Irritation Score
8.1.2 Subchronic, Chronic and Other Toxicity Table for Atrazine

Subchronic, Chronic and Other Toxicity Table. Only studies considered acceptable by HED are shown.

GuidelineNo./ MRID No. (year) Results
Study Type /Doses
870.3100 44723701 (1994) NOAEL = 3.30 mg/kg/day
90-Day ord toxicity | 0, 10, 50, or 500 ppm | LOAEL = 34.5 mg/kg/day based on decreased
rodents 0,0.6,3.3,34.0 body weight
mg/kg/day - maes

0, 0.659, 3.35, 35.3
mg/kg/day - femades.

870.3150 Study waived because an acceptable chronic ora
90-Day ord toxicity Sudy inthe dog isavaible.

in nonrodents

(dogs)

67



GuidelineNo./ MRID No. (year) Results
Study Type /Doses

870.3200 42089902 (1989) NOAEL = 100 mg/kg/day

21/28-Day derma | 0, 10, 100 or 1000 LOAEL = 1000 mg/kg/day based on satisticaly

toxicity mg/kg/day sgnificant reductions in food consumption, mean
body weight, and percent weight gain in both
sexes, datigticaly sggnificantly increased absolute
and relative spleen weights in both sexes

870.3250 Study not required

90-Day dermal

toxicity

870.3465 Study not required

90-Day inhdation

toxicity

870.3700a 40566302 (1984) Maternal NOAEL = 10 mg/kg/day.

Prenata Maternd LOAEL = 70 mg/kg/day, based on

developmentd in 0, 10, 70, or 700 reduced body weight gain

rodents mg/kg/day
Developmental NOAEL = 10 mg/kg/day
Deveopmental LOAEL = 70 mg/kg/day based on
delayed or no ossfication at severd Sites

870.3700a 41065201 (1989) Maternal NOAEL = 25 mg/kg/day.

Prenata Materna LOAEL = 100 mg/kg/day based on

developmentd in 0, 5, 25, 100 reduced body weight gain and food consumption.

rodents mg/kg/day
Deveopmenta NOAEL = 25 mg/kg/day.
Deveopmental LOAEL = 100 mg/kg/day based
on increased incidence of delayed ossification of
skull bones.

870.3700b 00143006, 40566301 | Maternd NOAEL =5 mg/kg/day

Prenatal (1984) Maternal LOAEL = 75 mg/kg/day based on

developmentd in 0,1,5 075 decreased body weight, food consumption and

nonrodents mg/kg/day increased incidence of dlinicd sgns

Developmental NOAEL =5 mg/kg/day
Deveopmental LOAEL = 75 mg/kg/day based on
reduced litter size, increased resorptions and
ddlayed ossfication.
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GuidelineNo./ MRID No. (year) Results
Study Type /Doses
870.3800 40431303 (1987) NOAEL = 3.78 mg/kg/day
Reproduction and 0, 10, 50,and 500 ppm | LOAEL = 39 mg/kg/day in maes based on
fertility effects 0, 0.75, 3.78, 39.0 decreased body weights, body weight gains and
mg/kg/day - males food consumption
0, 0.86, 3.70, 42.8
mg/kg/day - femaes. Offspring NOAEL = 3.78 mg/kg/day
Offspring LOAEL = 39 mg/kg/day based on
decreased body weights in both generations of
malesat PND 21.
870.4100a 40629302 (1986) Thisguiddine satistifed by 870.4300
Chronic toxicity 0, 10, 70, 500, 1000 Combined chronic toxicity/carcinogencity
rodents ppm, NOAEL = 3.5 mg/kg/day
0, 0.5, 3.5 25, 50 LOAEL = 25 mg/kg/day, based on reduced body-
mg/kg/day weight gain and food consumption
See below under 870.4300 for details
870.4100b 40431301 (1987) NOAEL = 5.0 mg/kg/day
Chronic toxicity 0, 15, 150, 1000 ppm | LOAEL = 33.7 mg/kg/day based on cardiac
nonrodents (dogs) | O, 0.5, 5.0 33.7 effects.
mg/kg/day
870.4200 42227001 (1992) NOAEL = 3.4 mg/kg/day -mdes, 4.4 mg/kg/day
Carcinogenicity 0, 10, 70, 200, 400 - femdes
(rat, Fischer-344) ppm LOAEL =9.9 mg/kg/day - maes, 12.7 mg/kg/day
0,0.5,34,9.9,20.2 - females based on decreased body weight gain
mg/kg/day - maes There was no treestment-related increase in tumor
0,0.6,4.4,12.7,26.2 | incidence when compared to controls.
mg/kg/day - femdes This study used Fischer- 344 rats. The purpose
was to demonstrate alack of tumor repsonsein
this grain following arazine exposure.
870.4200 40431302 (1987) NOAEL = 43 mg/kg/day
Carcinogenicity 0,10,300,1500, 3000 LOAEL = 222.0 mg/kg/day based on decreased
(mice) ppm body weight gain in both sexes and increased
0, 1.4, 38.4, 194, cardiac thrombi in the females.
385.7 mg/kg/day -
maes No evidence of carcinogenicity was seen.
0, 1.6, 47.6, 246.9,
482.7 mg/kg/day -
femdes
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Guiddine No./

MRID No. (year)

Results

Study Type /Doses
870.4300 40629302 (1986) NOAEL = 3.5 mg/kg/day
Combined chronic | 0, 10, 70, 500, 1000 LOAEL =25 mg/kg/day ,based on reduced body
toxiaty/ ppm, welght gain and food consumption.
carcinogencity 0, 0.5, 3.5 25, 50 Mammary tumors increased at 3.5 mg/kg/day and
(rat, Sprague- mg/kg/day above.
Dawley) This study used the Sprague Dawley gtrain of rat.
870.5100 00060642 (1977) Negative in strains TA 98, 100, 1535 and 1537 of
Bacterid reverse 0, 50, 100, 500, 1000, | S typhimurium up to the limit concentration of
mutation assay 5000 pg/plate 5000 pg/plate both with and without activation
870.5100 40246601 (1986) Negative in strains TA 98, 100, 1535, 1537 and
Bacterid reverse 0, 20, 78, 313, 1250, | 1538 of S. typhimurium up to the limit
mutation assay and 5000 pg/plate concentration of 5000 pg/plate both with and

without activation

870.5385 40722301 (1988) Negetive in doses which induced degth in

Micronucleus assay

562.5, 1175, 2250
mg/kg

Tif:MAGF mice

870.5450 42637003 (1993) Negativein Tif: MAGf mice a doses 2400 mg/kg.
Rodent dominant 0, 500, 1000, 2000, or
lethal assay 2400 mg/kg
870.5550 00161790/40722301 Negative in primary rat hepatocytes up to 150
UDS assay (1984) zgml
0,1.2, 6,30, 150
zgml
870.5550 42547105 (1992) Negative in primary rat hepatocyte cultures up to
UDS assay 0, 15, 46, 139, 417, and beyond a dose which caused precipitiation
835, 1670 pg/ml (139 pg/ml)
870.6300
Developmental
neurotoxicity
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Guiddine No./
Study Type

870.7485
Metabolism and
pharmacokinetics

MRID No. (year)
/Doses

40431304 (1987)

0, 1, and 100 mg/kg
for asngle dose given
through ord gavage.
1.0 mg/kg/day for 15

days by ora gavage.

Results

Distribution, accumulation

Distribution was dose-dependent and independent
of sex. Digribution appeared to follow first-order
kinetics and the hdf-life in the tissues was 31.3
hours.

Excretion

Approximately 95% of the atrazine excreted within
7 days of dosing. Urinary route accouted for
about 75% of the excretion feces accounted for
20%. Route of excretion did not seem to vary
among sexes or with dose.

870.7485
Metabolism and
pharmacokinetics

MRID 40431305
(1987)

The animdswere
dosed daily for 10
days through a ssomach
tube with dose leves of
0, 1,3,7, 10,50 or

Distribution, accumulation

Digribution was highest in the red blood cdll,
followed by theliver, ovary and kidney. When the
dose increased the amount distributed in the tissues
increased. The distribution appeared to follow
firg-order kinetics and the tissue half-life was 38.6
hours. Thisindicates thet atrazine, with possible

100 mg/kg/day. exception of thered blood cell, does not
bioaccumulate.
870.7485 MRID 40431306 Excretion
Metabolism and (1987) In the rats given 100 mg/kg greater than 100% of
pharmacokinetics Rats were given test the administered radioactivity was recovered
100 mg/kg articlewas | within 3 days of dosing. Urine was found to
given through the contain 47.3% of the radioactivity and the feces

gomeach tubein asngle
oral dose.

Other rats were given
16.18 and 19.64 mg/kg
and urine was collected
over a24 hr period.
The urine was andyzed
for metabolites.

49.3%. The tissues contained 5.75% and 1.4%
was found in the blood.

Metabolism

Metabolites indicate that dechlorination of the
triazine ring and N-dedlkylation are the mgor
metabolic pathways for arazine in rats. Oxidation
of the aky substituents of atrazine appears to be of
minor metabolic importance.
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Guiddine No./
Study Type

870.7485
Metabolism and
pharmacokinetics

MRID No. (year)
/Doses

MRID 42165503
(1993)

Fecd and urinary
samplesfrom ras
exposed in aseprate
metabolism study
(MRID 40431304)

were obtained and

andyzed to determine
metabolism profiles.

Results

Metabolic profile

No sex differences in metabolic profiles were
evident. The mgjor fecd metabolite was DACT
which accounted for 40% of the total feca
radioactivity.

870.7485
Metabolism and
pharmacokinetics

MRID 44713802
(1993)

sngleord doseof 1 or
100 mg/kg through ord

gavage

Distribution, accumulation

Time to maximum blood concentration (ty,x) Was
2 hours and 24 hours for the low and high dose
groups, respectively. With exception of red blood
cdls, whole blood, and skeletd muscle, tissue
burden for any specific tissue or organ represented
less than 1% of the administered dose by 14 days

post dosing

Excretion

Urinary excertion was 64.72% of the total
administered low dose over a 48-hour period and
66.16% of the total administered high dose over a
168-hour period. Within 48 hours urinary
excretion was 100% and 94% complete for the
low-dose and high-dose group, respectively.

Fecal dimination accounted for 10.80% and
19.69% of thetota dose for the low and high dose

groups, respectively.

870.7600
Dermd penetration
- rat

43314302 (1994)
0.01, 0.1 or 1 mg/cn?y

The percent absorbed increased with exposure
time and decreased with dose. Regardless of the
dose or exposure time, the mgjority (65 - 95%) of
the radio labeled atrazine was recovered in the
washes or was found associated with the skin at
the gte of exposure. The maximum percentage of
atrazine absorbed in therat sudy after a 10 hr
(representative of atypical workday) exposure
was 21.6%.
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Guiddine No./
Study Type

870.7600
Derma penetration
- human

MRID No. (year)
/Doses

44152114 (1996)
0.17 and 2.0 mg of
[14C] atrazine

Results

The mgjority (91.1-95.5%) of the dose was not
absorbed. After 168 hours, only 5.6% of the dose
was absorbed and excreted in the urine and feces
of the low-dose group and only 1.2% in the high-
dose group.

Specid study - 43598617 (1994) This sudy performed atrio of assays. uterotrophic
response assay; progesterone receptor competive
Assays of direct ThisMRID number binding assay; and, a uterine thymidine
edtrogenic activity | describes more than incorporation assay.
one assay. Thedoses | All dosestested displayed alack of clear effects
varied depending on the | on uterine weight, progesterone binding capacity,
assay. See above under | and thymidine incorporation. This indicates that
section 4.9.1 for arazine (and DACT and Smazine, which were
specific details on doses | dso tested) do not exhibit direct estrogenic
used. activity.
Specid sudy - 43598618 (1994) This study describes a series of estrogen receptor
ThisMRID number compstitive binding assays, both in vivo and in
Assays of direct describes one type of vitro.
esrogenic activity | assay conducted under | Overdl the resultsindicate that atrazine (and
avariety of DACT and smazine, which were dso tested) do
experiementa exhibit some competitive binding with estradiol but
conditions. Thedoses | only under conditions which favor binding.
varied. See above
under section 4.9.1 for
specific details on doses
used.
Specid sudy - 43598619 (1995) This study describes four seperate assays.
Assays of direct competive binding assay with the hepatocyte Ah
edrogenic activity | ThisMRID number receptor; MCF-7 cdll proliferation; gel

describes more than
one assay. The doses
varied depending on the
assay. See above under
section 4.9.1 for
gpecific details on doses
used.

eectrophoresis mohility shift assay using the
progesterone receptor; and, luciferase reporter
geneassay in MCF-7 cdlls.

Nether atrazine (nor Smazine, which was aso
tested) displayed estrogenic activity or interacted
with the Ah receptor in the set of experiments
described in this paper.
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GuidelineNo./ MRID No. (year) Results
Study Type /Doses
Specid study - 43934403 (1995) This study described severd assays, both in vivo
and in vitro. In vivo assays. uterine weight,
Assays of direct ThisMRID number progesterone receptor levels and uterine
edrogenic activity | describes more than peroxidase. In vitro assays. MCF-7 cdll
one assay. Thedoses | proliferation; gd dectrophoress mobility shift
varied depending on the | assay using the progesterone receptor; luciferase
assay. See above under | reporter gene assay in MCF-7 cdlls; and, a
section 4.9.1 for sl ective medium growth assay in yeast cells.
specific details on doses
used. The results of these experiments indicate that in
ViVvo arazine and Smazine may exhibit some
antiestrogenic activity but no estrogenic activity
dther in vivoor in vitro.
Specid study - 43934404 (1996) This sudy was apilot sudy in which the vaidity of

Estrous Cycle and

arazine not given

a proposed protocol for testing the effect of
arazine exposure on the proestrus afternoon

LH Surge luteinizing hormone (LH) was evdluated. This
Measurements study demonstrated that the proposed protocol
(Pilot study) adequaty! tested the parameters to examined.
Specid study - 43934406 (1996) NOAEL = 5 mg/kg/day.
Estrous Cycle and LOAEL = 40 mg/kg/day based on decreasesin
LH Surge 0, 2.5, 5, 40 and 200 food consumption, body weight, body weight gain,
Measurements mg/kg/day estrous cycle dterations and LH surge attenuation
(28 day exposure)
Specid study - 44152102 (1996) NOAEL = 1.8 mg/kg/day
Estrous Cycle and LOAEL = 3.7 mg/kg/day based on estrous cycle
LH Surge 0, 25, 50, and 400 ppm | dterations and LH surge attenuation
Measurements 0,1.8,3.7,294
(6 month exposure) | mg/kg/day
Specia study’- 42085001, 42743902 | NOAEL = none found

(1991, 1993) LOAEL = 4.2 mg/kg/day based on estrous cycle
Hormone and See also 43598622 dterations
estrous cycle 0, 70, 400 ppm
measurementsin 0, 4.2, 26.2 mg/kg/day
SD rats Ten femdes per dose

were sacrificed at 1, 3,
9, 12, 15, 18, 24 mo.
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GuidelineNo./ MRID No. (year) Results
Study Type /Doses
Specid Study *- 43598622 (1995) NOAEL = none found
See also 42085001, LOAEL = 4.2 mg/kg/day based early onset of
Mammary Gland 42743902 anovulation asindicated by ovarian
and Ovarian 0, 70, 400 ppm histomorphology and early onset of indicators of
Histomorphology 0, 4.2, 26.2 mg/kg/day | prolonged/increased hormone exposure in the
in SD rats Ten females per dose mammary gland
were sacrificed at 1, 3,
9, 12, 15, 18, 24 mo.
Specid study? - 42146101 (1991) NOAEL = 14 mg/kg/day
Seeals0 4274392 and | LOAEL = 33.4 mg/kg/day based on decreased
Two-year bioassay | 43598622 body weight gain.
in F-344 rats
0,0.7,4.8,14,334 There was not an increased incidence of any tumor
mg/kg/day type, nor an early onset of mammary tumors.
Ten females per dose
were sacrificed at 1, 3,
9, 12, 15, 18, 24 mo.
Specid study? - 42743902 (1993) NOAEL = at least 33.4 mg/kg/day
See also 42146101 LOAEL = nonefound
Hormone and and 43598622
estrous cycle This study examined hormones and estrous cycles

measurementsin F-
344 rats

0,0.7,4.8,14,334
mg/kg/day

Ten femaes per dose
were sacrificed a 1, 3,
9, 12, 15, 18, 24 mo.

in the animas used in 42146101.

The egtrous cycle evauations from this sudy are
deemed unreliable by HED. The ovarian
histomorphology data from MRID 43598622 is
used to confirm alack of effect of arazine
trestment on estrous cycles.

The animds exhibited hormone levels indiciative of
normaly aging femaes of the srain. Exposure to
atrazine had no effect on hormone levels.

Specia study?-

Mammary Gland
and Ovarian
Hisomorphology in
F-344 rats

43598622 (1995)
See also 42146101
and 42743902

0,0.7,4.8, 14, 33.4
mg/kg/day

Ten femdes per dose
were sacrificed a 1, 3,
9, 12, 15, 18, 24 mo.

NOAEL = at least 33.4 mg/kg/day
LOAEL = none found

This study examined hisomorphology in the
animals used in 42146101.

The animds exhibited ovarian and mammary gland
higsomorphology indiciative of normaly aging
femdes of the Srain. Exposure to atrazine had no
effect on these hissomorpologic parameters.
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Guiddine No./

MRID No. (year)

Results

Tumor incidencein

0, 25, 50, 70, 400 ppm
0,15,3.1,4.2, 24.4

Study Type /Doses
Specid study - 42204401 (1992) NOAEL = 3.8 mg/kg/day
LOAEL = 23 mg/kg/day based on decreased
Two-year bioassay | 0O, 70, 400 ppm body weight gains aswel| as Satidticaly sgnificant
with the SD drain decreases in body weights in the 0-76 week
of rat 0, 3.8, 23.0 mg/kg/day | period
A ddidicdly Sgnificant increase in mammary
tumors was seen a the high dose. An early onset
of mammary carcinomas was seen.
Specid sudy - 44544701 (1998) Intact anima Mammary tumors

No mammary tumors seen in any OV X anima

Long-term estrous
cycle measurements

(1999)

0, 25, 50, 70, 400 ppm
0,15,3.1,4.2,24.4
mg/kg/day

ovariectomized mg/kg/day - intact

(OVX) vsintact 0,12,25,35,209

animds mg/kg/day - OV X

Specid study - No MRID assigned Thisisthe unaudited draft report of theinterim

estrous cycle datafrom MRID 44544701

These data demondirate an early onset of
increased % days in estrus in atrazine-treated
animals compared to controls.

Specid study-

Direct comparison
of LH surge
atenuation of
drazine, Imazine,
DACT

No MRID assigned
(2000)

0, 2.5, 5, 40, 200
mg/kg/day

Thisis the unaudited draft report of astudy in
which SD femaes were exposed to atrazine,
gmazine or DACT for 28 days and the abilty of
these chemicds to attenuate the LH surge was
measured.

These data showed that Smazine and DACT are
able to attenuate the LH surge a doses smilar to
those at which atrazine attenuates the surge.

! This study in SD rats contains three parts submitted under three seperate MRID numbers:

MRID 42085001 contains the results of the anima bioassay part of this sudy (the clinica

observations, body weights, food consumption, gross pathology, etc.);

MRID 42743902 contains theresultsof the vagind smears'estrous cyde determinations and serum

hormone messurements;
MRID 43598622 contains the results of the hisomorphologic andysis.

2 This study in F-344 rats contains three parts submitted under three seperate MRID numbers:
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MRID 42146101 contains the results of the anima bioassay part of this study (the clinical

observations, body weights, food consumption, gross pathology, etc.);
MRID 42743902 contains the results of the vagina smearg/estrous cycle determinations and

Sserum hormone measurements,
MRID 43598622 contains the results of the hissomorphologic andysis.
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8.1.3 Toxicity Tablefor DACT. All avaiable acceptable toxicity studies are shown.

Guideline No./
Study Type

870.3100

90-Day ora
toxicity rodents

MRID No. (year) /Doses

43013207 (1991)

0, 0, 10, 100, 250, or 500 ppm
0,0.7,6.7,16.7, or 34.1
mg/kg/day - males

0, 0.7, 7.6, 19.7, or 40.2
mg/kg/day -females.

Results

Male NOAEL = 16.7 mg/kg/day
LOAEL= 34.1 mg/kg/day based on decreased
body weight and body weight gain

Female NOAEL = 0.7 mg/kg/day
LOAEL=7.6 mg/kg/day based on estrous cycle
aterations

870.3100
90-Day ora
toxicity in
nonrodents (dog)

41392401 (1990)

0, 5, 100, and 1500/750 ppm
(high dose reduced after 6 wks)
0, 0.187, 3.61, and
24.1mg/kg/day -males

0, 0.195, 3.43, and 32.7
mg/kg/day - females

NOAEL = 3.4 mg/kg/day
LOAEL = 24.1 mg/kg/day based on cardiac
effects and tremors in the males.

870.4100

Chronic toxicity

41392401 (1990)
0, 5, 100, and 1500/750 ppm
(high dose reduced after 6 wks)

NOAEL = 3.4 mg/kg/day
LOAEL = 24.1 mg/kg/day based on cardiac
effects and tremors in the males.

0, 5.56, 16.67, 50, 150, 300, 600
zg/ml
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in nonrodent 0, 0.187, 3.61, and
(dog) 24.1mg/kg/day -males
0, 0.195, 3.43, and 32.7
mg/kg/day - females
870.3700a 41392402 (1989) Maternal NOAEL = 25 mg/kg/day
Maternal LOAEL = 75 mg/kg/day, based on
Prenatal 0,25, 25, 75 or 150 mg/kg/day | decreased body weight gain during dosing.
developmental Developmental NOAEL is 2.5 mg/kg/day.
toxicity in Developmental LOAEL = 25 mg/kg/day,
rodents based on increases in incidences of
incompletely ossified parietas, interparietals
and unossified hyoids.
870.5100 40722302 (1987) Negative in the Salmonella/Ames assay up to
Bacterial reverse limit concentration of 5000 =g per platein
mutation assay 0, 20, 78, 313, 1250, 5000 strains TA 98, TA100, TA1535, and TA1537
Zg/plate with and without metabolic activation
870.5550 40722303 (1987) Negative up to 600 - g/ml (which exceeded the
UDS assay solubility limit of 400 -g/ml) in UDS assay

using isolated human fibroblasts without
activation only (not performed with activation




8.1.4 Toxicity Tablefor G-28279. All avaiable acceptable toxicity studies are shown.

Guideline No./
Study Type

870.100
Acute oral toxicity

MRID No. (year)
/Doses

43013201 (1991)
500, 2000, 3500, 5050
mg/kg

Results

LD, for both sexes combined= 1240 mg/kg

870.3100

90-Day ora
toxicity rodents

MRID 43013205 (1992)
0, 10, 50, or 500 ppm O,
0.602, 3.20, 34.9
mg/kg/day - males
0,0.641, 3.34, 375
mg/kg - females

NOAEL=3.2 mg/kg/day

LOAEL=34.9 based on based on decreased body
weights and body weight gains in both sexes.
and possible histopathologic effects in the liver,
adrenal cortex, and thyroid.

870.3100
90-Day ora
toxicity in
nonrodents (dog)

MRID 43013203 (1992)
0,15,100, 500, or 1000
ppm

0, 0.6, 3.8, 18.9, 334
mg/kg/day -male

0, 0.6, 3.8, 18.0, 33.3
mg/kg/day - female

NOAEL=3.8 mg/kg/day

LOAEL=18.9 based on decreased food consumption
and body weight gain and decreased organ-to brain
weight ratios for the heart, testes, and prostate gland

870.3700a 43013208 (1992) Maternal NOAEL= 5 mg/kg/day

Prenatal Matenal LOAEL= 25 mg/kg/day based on

developmenta in 0,5, 25, or 100 decreased body weight gain and food consumption

rodents mg/kg/day.
Developmental NOAEL = 5 mg/kg/day
Developmental LOAEL 25 mg/kg/day based on .
increased fetal and litter incidences of fused
sternebrae 1 and 2

870.5100 43093101 (1990) Negative in the Salmonella/Ames and E. Cali

Bacteria reverse

0, 313, 625, 1250, 2500,

WP2uvrA assays up to limit concentration of 5000
2g per plate. Tested in S. Typhimurium in strains

mutation assay 5000 -g/ml TA 98, TA100, TA1535, and TA1537 with and
without metabolic activation
870.5375 43093103 (1991) Negative in Tif:MAGF mice treated up to the

Micronucleous
assay

0, 120, 240, 480 mg/kg

maximum tolerated dose of 480 mg/kg

870.5550
UDS assay

43093105 (1991)

0, 7.4, 22.2, 66.6, 200,
400, 800 :g/ml

Negative up to cytoxic concentrations of 800 :g/ml
in primary rat hepatocyte cultures.
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8.1.5 Toxicity Table for G-30033. All avaiable acceptable toxicity studies are shown.

Guideline No./ MRID No. (year) Results
Study Type /Doses
870.100 43013202 (1991) LD, for both sexes combined= 1111 mg/kg

Acute oral toxicity

500, 2000, 3500, 5050
ma/kg

870.3100

90-Day ora
toxicity rodents

43013206 (1991)

0, 10, 50, or 500 ppm O,
0.68, 3.2, and 35.1
mg/kg -mae

0, 0.72, 3.3, and 38.1
mg/kg /day - female

NOAEL = 3.2 mg/kg/day

LOAEL = 35.1 mg/kg/day based on decreased body
weight of high dose female rats and decreased food
efficiency of high-dose male and female rats.

870.3100
90-Day ora
toxicity in
nonrodents (dog)

43013203 (1992)

0, 15, 100, or 1000 ppm
0, 0.56, 3.71, 28.85
mg/kg/day - males

0, 0.51, 3.88,32.18
mg/kg/day - females

NOAEL = 3.7 mg/kg/day
LOAEL= 28.9 mg/kg/day based on rend tubular
hyperplasia/basophiliain 3/4 mae and 2/4 female dogs

870.3700a 43013209 (1992) Materna NOAEL = 5 mg/kg/day

Prenatal Maternal LOAEL = 25 mg/kg/day based

developmenta in 0,5, 25, or 100 decreased food consumption, body weight/weight gain

rodents mg/kg/day and food consumption
Developmental NOAEL = 25 mg/kg/day
Developmental LOAEL = 100 mg/kg/day based on
increased fetal and litter incidences of fused sternebrae
1 and 2 and increased fetal incidence of poor
ossification of the proximal phalanx of posterior digit 5
(askeleta variation)

870.5100 43093102 (1991) Negative in the Salmonella/Ames and E. Coli

Bacteria reverse

0, 313, 625, 1250, 2500,

WP2uvrA assays up to limit concentration of 5000 Zg
per plate. Tested in S. Typhimuriumin strains TA 98,

mutation assay 5000 -g/ml TA100, TA1535, and TA1537 with and without
metabolic activation
870.5375 43093104 (1991) Negative in Tif:MAGF mice treated up to the

Micronucleous
assay

0, 120, 240, 480 mg/kg

maximum tolerated dose of 480 mg/kg

870.5550 43093106 (1991) Negative up to cytoxic concentrations of 1000 Zg/ml in
0, 9.25, 27.7, 83.3, 250, | primary rat hepatocyte cultures.
UDS assay 500, 1000 :glml
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8.1.6 Toxicity Table for hydroxyatrazine. All avaiable acceptable toxicity studies are shown.

toxicity rodents

0,0.6,6.3,189, 375
mg/kg/day - males
0,0.8,7.4,228, 45.6
mg/kg/day - females

Guideline No./ MRID No. (year) Results
Study Type /Doses
870.3100 MRID 41293501 (1989) NOAEL = 6.3 mg/kg/day in males and 7.4
90-Day ora 0, 10, 100, 300, 600 ppm mg/kg/day in females

LOAEL = 189 mg/kg/day in males and 22.8
mg/kg/day in females based on kidney alterations .

870.3700a
Prenatal
developmenta in
rodents

MRID 41065202 (1989)
0, 5, 25, or 125 mg/kg/day

Maternal NOAEL = 25 mg/kg/day

Maternal LOAEL = 125 mg/kg/day based on
decreased food consumption during the dosing
period and enlarged and mottled kidneys.
Developmental NOAEL = 25 mg/kg/day.
Developmental LOAEL = 125 mg/kg/day based on
increased incidence of partially ossified interparietal
and hyoid bones and decreased fetal body weight.

Bacteria reverese
mutation assay

0, 20, 78, 313, 1250, 5000
2g/0.1 ml

870.4100a MRID 43532001 (1995) NOAEL = 1.0 mg/kg/day for males and 1.2
(870.4300) 0, 10, 25, 200, 400 ppm mg/kg/day for females

Combined Chronic | 0, 0.39, 1.0, 7.8, 17.4 LOAEL = 7.8 mg/kg/day for males and 9.5
Toxicity/ mg/kg/day - males mg/kg/day for females based on gross and
Oncogenicity — 0,05,12,94, 223 histopathological effects in the kidneys

Rat mg/kg/day - females

870.5100 MRID 40722304 (1988) No increases in revertant coloniesin TA 98, 100,

1535, and 1537 Salmonella strains exposed to
precipitating concentrations (313 - g/plate and
above) both with and without activation system.

870.5375

Micronucleous
assay

MRID 41479401 (1988)

0, 1250, 2500, 5000 mg/ml

No increase in micronuclei in mice treated with
acute intubated doses up to the limit dose of 5000
mg/ml.

870.5550 MRID 40722305 (1988) No evidence of unscheduled DNA synthesis was
found up to the limits of solubility (increasing

UDS assay 0, 13.9, 41.7, 125, 375, precipitation from 500 -g/ml) and at concentrations

750, 1500 -g/mi approaching toxicity (1500 -g/ml) in primary

hepatocyte cultures treated in vitro.

870.5550 MRID 40888101 (1988) Negative up to the limits of solubility (increasing
precipitation from 500 -g/ml) and severe

UDS assay 0, 13.9, 41.7, 125, 375, cytotoxicity (1500 Zg/ml) in human fibroblast cells.

750, 1500 = g/ml
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8.2 Summary of the Toxicological Dose and Endpointsfor Atrazine Use in Human Risk

Assessment ™
Exposure Dose Used in FQPA SF and Study and Toxicological Effects
Scenario Risk Endpoint for Risk
Assessment, Assessment
UF
Acute Dietary NOAEL= 10 FQPA SF= 10 Developmenta toxicity study in the rat
all populations mg/kg/day aPAD = 0.01 mg/kg/day NOAEL = 10 mg/kg/day based on
UF =100 delayed ossification of certain cranial
AcuteRfD =0.1 bones at the LOAEL of 70 mg/kg/day
mokg/day (Weight of evidence from MRIDs
4106520, 00143006, 40566301, and
45166902 contributed to the selection of
this endpoint)
Chronic Dietary NOAEL=1.8 FQPA SF= 10 Six-month LH surge study in the rat
all populations mg/kg/day cPAD = 0.0018 NOAEL = 1.8 mg/kg/day based on
UF =100 mgkg/ozy attenuation of LH surge and estrous
Chronic RfD = cycle alterations at LOAEL of 3.65
0.018 mg/kg/day mg/kg/day.
Incidental Oral, NOAEL= 10 Developmental toxicity study in the rat
Short-Term mg/kg/day NOAEL = 10 mg/kg/day based on
Decreased body weight during the first
five days of dosing in the dams
Incidental Oral, NOAEL =18 Six-month LH surge study in the rat
Intermediate-Term | mg/kg/day NOAEL = 1.8 mg/kg/day based on
attenuation of LH surge and estrous
cycle aterations at LOAEL of 3.65
mg/kg/day.
Short -Term NOAEL= 360
Dermal NOAEL = 360 mg/kg/day based on
(NOAEL from reductions in food consumption, mean
study was 100 body weight, and percent weight gainin
mg/kg/day. both sexes, statistically significantly
Multiplied by increased absolute and relative spleen
the rat-human weights in both sexes, and dight changes
dermal in excretion (i.e. few and/or mucoid feces)
penetration seen at LOAEL of 1000 mg/kg/day and
factor of 3.6 = multiplied by 3.6 dermal penetration factor.
360 mg/kg/day)
Inter mediate and NOAEL=1.8 Six-month LH surge study in the rat
Long-Term mg/kg/day NOAEL = 1.8 mg/kg/day based on
Dermal Dermal attenuation of LH surge and estrous
absorption rate = cycle alterations at LOAEL of 3.65
6%
mg/kg/day.
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Exposure Dose Used in FQPA SF and Study and Toxicological Effects
Scenario Risk Endpoint for Risk
Assessment, Assessment
UF
Short-Term NOAEL= 10 Developmental toxicity study in the rat
Inhalation mg/kg/day NOAEL = 10 mg/kg/day based on
Inhalation delayed ossification of certain cranial
absorption rate = bones at the LOAEL of 70 mg/kg/day
100% (Weight of evidence from MRIDs
4106520, 00143006, 40566301, and
45166902 contributed to the selection of
this endpoint)
Inter mediate and NOAEL=1.8 Six-month LH surge study in the rat
Long-Term mg/kg/day NOAEL = 1.8 mg/kg/day based on
Inhalation attenuation of LH surge and estrous
cycle aterations at LOAEL of 3.65
mg/kg/day.
Cancer (oral, "Not likely" Risk assessment for cancer RfD = reference
dermal, inhalation) dose not required
L UF = uncertai nty factor, FQPA SF = FQPA safety factor
NOAEL = no observed adverse effect level LOAEL =lowest observed adverse effect level
PAD = population adjusted dose (a = acute, ¢ = chronic) RfD = reference dose
adjusted for FQPA safety factor MOE = margin of exposure

+: For short and intermediate term residential exposure, MOE>1000 does not exceed level of concern.
For short and intermediate term occupational exposure, MOE>100 does not exceed level on concern.
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